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TO THE 


Rev. A. REES* D. D. F. R.S. 


EDITOR OF THE NEW CYCLOPAEDIA. 


DEAR SIR, 

As a public testimony of the esteem and 
respect which 1 feel for your character and 
talents $ and of gratitude for the many friendly 
offices which I have experienced at your 
hands, I take the liberty of inscribing this 
Volume to you. With the various subjects 
discussed in it, in their mutual connection and 
dependence, you have been long intimately 
acquainted : of most of them you were many 
years a public -instructor, and no small* num¬ 
ber of persons of the present age, who are 
occupying useful and highly important sta¬ 
tions in society, as well as njyself, are much 
indebted to your assiduous attentions for the 
knowledge which they possess in Matbema* 
tics, Natural Philosophy, and other brioches 
of Science. 
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If the execution of this Work should merit 
vour approbation, and be regarded by you, as 
tolerably well adapted to instruct young per¬ 
sons in*the elements of knowledge, and calcu¬ 
lated to excite in them an ardour for extend- 
ing their enquiries into the laws and economy 
of nature, I shall feel happy in the conviction 

that I have not laboured in vain. 

* 

Hoping, Sir, that your life, devoted to the 
diffusion and extension of general Science, in 
all its branches, and in its higher departments, 
may be long spared, for the benefit of your 
country, and of mankind in general, and that 
for its latter,ycars there may yet be stores ot 
much happiness in reserve, 

I am,*Dear Sir, 

, , i 

Your sincere and obliged friend and servant, 

JEREMIAH JOYCE. 

*1 


HighgatCj MayH> 1810 . 



ADVERTISEMENT 


TO THE FIRST EDITION. 


The object of this volume of letters is distinctly set 
forth in the introduction, which, with the«annexed table 
of contents, will afford the reader an idea of the nature 
of the instruction which he may expect to derive from 
it. 

« 

When the subject was proposed to the author, he he¬ 
sitated on the propriety of the undertaking, because he 
had already gone over much of the ground m the ^ Sci¬ 
entific Dialogues and in the lt Dialogues on Chemis¬ 
try,” and because he was aware that to bring into the 
plan all that was asked, would tequire more space than 
it was intended that the several parts shpulcl occupy. 
When, however, to the request of his fnend^was added 
the desire of the late excellent Mr. Johnson, the pub¬ 
lisher of his former volumes, his own difficulties, in a 
good measure, vanished, and he^ immediately set about 
preparing the letters for the press. They now solicit, as 
they will need, the candour of the,public. The author 
would indeed feel a high degree of ^satisfaction if he 
could anticipate for this volume a "reception, similar to 
that which the works already referred to, have expe¬ 
rienced, and for which he cao never reflect but with sen¬ 
timents of gratitude. 

It must not be forgotten, by those who read these 
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letters, 01 who recommend them to the peiusal of 
others, that they are intend'd as an introduction for 
young people \»ho have had no opportunity of studying 
the subjects befort They contain the elements of Ex¬ 
perimental and Natnial Philosophy, lllustnttd by a 
very consideiable number of well engraved pi ites, and 
by expei iments, selected from all sources of aulhonty 
They may be read m connection with any other works 
oil the same subjects, and will, the author trusts, be 
particularly useful to those who attend the lectures of 
any of our public institutions. 

The questions upon each letter at the end of the 
volume will afford ample matter for the examination of 
pupils in classes at school, and they are so drawn up as 
to be of essential service to others who have the advan¬ 
tage of no Imng instructor.—-Let a person first read a 
letter, and then, refernng back to the contents prefixed 
to it, asceitain whether he recollects the subjects discus¬ 
sed in then order and arrangement. Let bun then exa¬ 
mine bis progress by means of the questions, aud if, 
from these, without any other aid, he were to draw up a 
Letter or Essay on the same topics, he would infallibly 

derive from the exercise accurate ideas on the several 

• 

science# treated of, and a facility at composition that 
would be extremely useful to him on othei occasion'). 
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ADVERTISEMENT 

TO THJE PRESENT EDITION. 

• 

•A large Edition of the following treatise having 
been disposed of, and the work still much sought after, 
the Proprietors are induced to offer a Se^pnd Edition, 
with corrections and comideiable improvements. 

The original Plan has been strictly adhered to, as not 
susceptible of any niatciial Improvement. 

The mechanism of clocks and watches, and the de¬ 
scription of the steam-engine, has been rendered more 
complete in this than in the former Edition*. The'me- 
thod of ealculating the power of the lacier machine is 
lully explained, and the theory of the tides is given in a 
way more satisfactory, and mo^o conformable to the 
method adopted by its great discoveier. * 

Amongst other impoitaut new matter wtrU-dbe found 
an Explanation of the principles of the Achromatic tele¬ 
scope ; of what is meant by double refraction and the 
polarisation of light, and ait account of the curious mag- 
nctical experftnents of Professor Oersted. 

The .Letters on chemistry, ‘anatomy, physiology, aud 
botany, have been purposejy omitted'as not properly be¬ 
longing to a treatise of this kind; aud 'because it would 
have been impossible to have done justice to these sul^> 
jects without swelling the book to an inconvenient size. 


I.oidfttif l*t Au£u$l , liiil. 
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LETTER 1. 

introduction , cause and object of the work explained, and bit- 

plan laid down. 

My young Fri en d, 

IN conformity with the request of your excellent 
lather, made, 1 believe, with your consent and appro¬ 
bation, l now undertake to lay before you, in a series 
of letters, such a familiar account of the principles of 
natural philosophy, as shall enable you to pursue the 
subject yourself at your leisure, and, at ^e^qpie time, 
prepare you for an attendance upon the lectures deli¬ 
vered at tbe Royal, or any other of our scientific insti¬ 
tutions, to which your situation may give you a r€ady 
access. 

The attention and kindness # which you have ever ex¬ 
perienced from him who sustains, with regard to you, 
the interesting character of a tender parent and affec¬ 
tionate friend, will, I am sure, induce you to pay a 
maiked regard to whatever he recommends as likely to 
be useful in your future pursuits in life* With this 
persuasion 1 will, without hesitation, transcribe a part 

» 
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of his letter, written on the subject, though not in¬ 
tended for your eye. The following is an extract:— 

“ Since my son left school I put into his hand the 
* Scientific Dialogues,’ with which he appears to be 
much interested, and by means of the questions con¬ 
tained in the supplementary volume, 1 have examined, 
as far as my leisure from business has allowed me, 
the progress that be has made in scientific know ledge ; 
the result has been satisfactory to my mind. He is 
now r leaving home for the metropolis, the thought of 
which creates in my heart a degree of anxiety that 1 
never before experienced, and which, probably, none 
but a father, acquainted with the seductions of the 
world, can feel. Nothing, I apprehend, is so likely 
to secure the integrity and virtue of a youth entering 
the world, as to afford him full employment for his 
mind, and, if possible, to interest him in philosophi¬ 
cal pursuits and scientific research. 1 know you will 
enter, into my feelings, and I depend on you for se¬ 
conding^)}! views. 

“ What I particularly wish, is that you would, by 
a series of letters to my much loved son, become his 
instructor in important knowledge. Let him have 
from your pen discussions on the same subjects treated 
of in the % volumes to.which I have already referred. 
Divested of the form of dialogues, they will have 
the advantage of a certain degree of novelty, while, 
at the same time, they will necessarily bring to his 
recollection all the leading facts contained in the 
‘ Scientific Dialogues/ * 

“ He has, at yon know, lately emerged from a 
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school, in which scarcely any thing was regarded as 
important but classical learning: lie vi^ll now, pro¬ 
bably, feel himself surrounded with objects that at¬ 
tract his attention and excite his curiosity : I qm anx¬ 
ious that he should have that curiosity gratified by an 
explanation of the principles on which they act. 1 
am desirous that he should comprehend the mecha¬ 
nism of clocks and watches, and of other things in 
familiar use, as well as of instruments more strictly 
denominated philosophical. 1 ’ 

Such, my dear sir, are the anxious views of him, who 


is, and w ho justly claims to be, an object dearer to you 
than any other object in the world; and in compliance 
with the wish of my friend, and your father, I shall pro¬ 


ceed to the task imposed on me. How far I shall be 
able to answer his expectations, or yours,* I cannot pre¬ 
tend to judge. One thing, I hope, I may promise; 
my letters shall not indulge in any visionary theories, I 
will, in general, confine myself to principles Jhat are 
either demonstrable in themselves, or having 

stood the test of examination, are admitted as true. 


You shall not, in your subsequent enquiries, have to un¬ 
learn, as erroneous, what my letters have represented as 
matters of fadt. You may, and l trust you will, carry 
your researches much farther, than I shqjl pretend to 
conduct you in the journey of science, and I shall be 
quite satisfied if my letters have the effect of exciting 
in you a thirst for philosophical knowledge. 

I am fully aware of the difficulties and disadvantages 
under rfhich a person must labour who attends -public 
lectures on any science, without having first studied the 
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principles, in some work professedly introductory to the 
subjects discussed in the lecture room. These Difficul¬ 
ties I shall, 1 trust, be able, in a great measure, to 
obviate with respect to yourself, if you consent to at¬ 
tend with some assiduity to each of jny letters, which I 
will confine within as narro f w limitAas is consistent with 
perspicuity, and which you should not only read, but 
lender familiar to your mind. 

Conversation on these topics you would undoubtedly 
lind of great advantage, but as our situations do not ad¬ 
mit of this, T will at the end of each letter* give you a 
lew leading questions, by means of which you may ex¬ 
amine yourself as to what you have really learned from 
the perusal. If, upon such self-scrutiny, you find your¬ 
self incompetent to the task of answering every question 
proposed, you may be sure either that you have notread 
with sufficient attention, or that I have not illustrated 
the subject so well as I ought. In such circumstances 
let me recommend you to give the letter another peru¬ 
sal, which,(I fear not, will, in almost all cases, solve 
your doubts, but if not, you must allow me the oppor 
tunity of a further explanation. 

* These questions are thrown to the end of the volume, and they 
are so formed as to enable*'the student, not only to examine himself 
on the facte coi^ained iu each better, but to furnish him with a snffi 
cient clue to write, in Iks own words, on the same subject. 
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MECHANICS. 


LETTER II. 

lntiorluction to Mechanics—Matter defined, and its Properties 
m\rvtipated—Curious instances of the Divisibility of Matter 
Motion explained by familiar Examples—Composition of 
Forces. 

Having explained to you my plan, and laid before 
you the topics which I mean particularly to engage your 
attention, 1 shall, my friend, without farther preface, 
begin with the subject of mechanics. , This science, 
which is intimately connected with the arts of life, leads 
us to enquire into the forces by which bodies, whether 
animate or inanimate, may be %nade to act upon one 
another, and likewise into the means bj which these 
may be increased, so as to overcome such as are more 
powciful. As introductory to “ mechanics,” you must 
be informed of the nature and properties of matte* 
Every thing we see and feel pay be called blatter, 
which, in a philosophical sense, is defined a solid, ex- 
tended , inactive , and moveable substance. This defi¬ 
nition you will easily understand as applicable to any 
thing lhat you select as an example* The letter which 
you read, a book, the table, Stc. are all composed of 
matter, J*or all are solid, have extension^ are in them¬ 
selves inactive, but may be moved. Cast your eyes 
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mound you, and you will perceive nothing, however 
small, or however huge, to which these properties do 
not applv. Vhe earth on which you tread, and the air 
which }OU breathe, possess all these properties : the 
former* may be too large for human force to move ; but 
I shall prove to you that it has two motions, the one In 
which it is perpetually turning on its axis, and the other 
by which it travels (ifi,000 miles au hour in its journey 
round the sun; the latter, that is the air, you will soon 
perceive is py much a solid substance as the table at 
which you sit. 

Experiment i. Take a glass tumbler, and invert 
it perfectly upright in a vessel of water; the water will 
use only to a small height in the glass, because, though 
tbv air contained in it may be compressed, that is, may 

be made to occupy a smaller space than it naturally oc¬ 
cupies, it is a solid substance, and will not admit another 
bod} in the part of space which it fills. 

Ex. li. Tie up a mall quantity of air in a bladder, 
and )ou wijl have as much resistance from that as you 
would from a brick or a block of stone; and while the 
air remains in the bladder, it is as impossible to bring 
the sides together as it would the opposite sides of a 
brick.' 

What I have said of air you will readily believe is 
applicable t6 water, or‘to wine, or quicksilver, which 
are fluids as weU as the air; the latter, indeed, is invi¬ 
sible, but our feelings assure us of its existence, as much 
as our sight does of that of other fluids. Therefore, 
by matter, I mean every thing in nature, whether solid 
or fluid. 



DIVISION OF MATTER. 


It is difficult to say of what matter is composed; be¬ 
cause,* though it may be demonstrated to be capable of 
division without end, yet the smallest portion, after such 
division, is precisely of the same nature as the largest. 
Here, as far as mechanical instruments are concerned, 
we are stopped in our inquiries; by chemical analysis we 
fan go farther, but still we are, probably, very far from 
finding out the nature of the first particles of matter 
front v\ hence bodies originate. 

You may, perhaps, be curious to k»ow how it is 
proved that matter may be infinitely divided. That the 
thing is capable of demonstration you will easily com¬ 
prehend : Suppose Plate I. fig. 1, a b to be a small 
particle of matter, and a to be the upper and b the un¬ 
der surface. I draw two parallel lines a b and c D, 

that is, lines which will never meet or come nearer to- 

* 

gether, though extended for ever; in the line A B I 
take any point, as x, and from that point 1 draw the 
lines xv; xy ; xz; xd,8cc. Vou perceive x v takes 
off a certain portion of the particle ab; xy tales off a 
larger part; and the other lines xz, xd,*k c*other and 
larger portions; but if the two lines ab and c d were 
extended for ever, and lines drawn from x to the.most 
remote part $f c o, still the last Jine, if there cduld be 
a last line, would leave a portion of a b untouched, be- 
cause the line xd could not coincide with a b. 

It is true we have no instruments fine enough to carry 
on this sort of division to any very great length, but the 
thing is not less true because we are incapable of per¬ 
forming it, and I can repeat to you some very striking 
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instances in which the actual division of matter is car¬ 
ried to great lengths. 

!. Silver ai.d gold, melted together, easily incorpo¬ 
rate, so that if a single grain of gold be melted with an 
ounce, or 5760 grains of silver, the gold w ill be equally 
diffused over the whole mass : if one grain of this mass 
be dissolved in nitric acid, the silver will unite with the 
acid, and the gold, which can be only the part of 
a grain, will be found at the bottom of the vessel. 

11 . A single pound of wool has been spun into a 
thread of 168,000 yards long; a pound, avoirdupois, 
consists of 7,000 grains, therefore a yard of this thread 
will weigh only . A 4 th part of a grain, what then will an 
inch weigh ? not the eight hundred and sixtieth part of a 
grain.* But the tenth, or perhaps the hundredth, part 
of at* inch of this thread is visible to the naked eye, and 
then the weight of this portion of it will, in one case, be 
less than the eight-thousandth, and in the other less than 
the eighty-thousandth part of a grain. 

Hi. Gold-beaters are able to spread a grain of gold 
over so lasge a^surface, that, by the assistance of a com- 


* The pound avoirdupois is usually divisible into drams as the 
lowest"denomination ; but is found that 175 pounds troy aie equal 
to 144 pounds avoirdupois ; a pound troy is equaPto 5760 grains, 
therefore 175 pounds 1,008,000 grains: of course 1,008,000, di¬ 
vided by 144 giv*e8 7000 for the number of grams in a pound avoir¬ 
dupois; hence 3 j,th part of q grain; and the 56tli part of 

1 1 

this is equal 


24X36 
patt ot this is equal to 


864 

1 


part of a grain; and the hundredth 
t 


864X100 86400 


th part of a grain. 
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toon microscope, the fifty-millionth part of a grain be¬ 
come* visible. 

jv. Tl te natural divisions of matter 'are carried to 
still greater and more surprising lengths. Take a single 
grain of musk for an example. Jt will fill every' part of 
the room with a very high scent, without losing, per¬ 
haps, a millionth part of its weight; of course the grain 
is divisible into 6 , 912 ,(K) 0 , 000 , 000 , 000,000 parts* 

\. 1 will mention another instance: there are said to 
be more lining ammalcula* in the milt a single cod¬ 
fish than human beings in the world, and that they are 
<.n minute, that several millions are scarcely bigger than 
the smallest grain of sand: 

-So wondrons small, 

Were millions join'd, one giain of sand would cover all; 

Yet each, within its little hulk, contains 

An heart which diives the torrent through the veins. 

IJow small must that heart be, yet it is composed of 
many still smaller parts; ami the globules of fluid, cir¬ 
culating to and from this heart, must be indefinitely 
smaller than the minute veins and arterief through which 
they pass. 

Suppose the room to be 30 feet square and 10 feet High, then 
it will contain 20 x 20 X10 — 4000 cubic feet; in each cubic fool 
there aie l7iS cubic inches; it 'contains then* 6,912,000 cubic 
inches; if each cubic inch be divided hito one million of parts, 
which wil' be the case if the inch in lengpf be divided into 100 
parts, then the millionth part of a grain of nmsk will fill 6.912,000 x 
1,000,0'K), or 6,912,000,000,000, so many small parts of space ; or the 
train may be supposed lobe divided into 6 , 912 , 000 , 000 , 000 , 000,000 
pai is, as above. 

h 3 
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These facts cannot fail to prove to \ou, that mailer i* 
divisible far beyond the limits of our conception. - 

I need not*stop to demonstrate the properties of ex¬ 
tension and" mobility as belonging to matter : you know 
that matter, however small, must occupy a certain space, 
which it does by extension j and, however large, it is 
capable of being moved, if* vve possess powers adequate 
to the task. 

We must consider the subject of motion more at 
large, because upon it much of mechanical philosophy 
depends. Motion may be defined “ A change of place 
and no changes in the universe can take place without 
motion: of this there are two principal kinds or spe¬ 
cies: one is the sort of motion by means of which a 
body is tranferred from one place to anodier, as the mo- 
tion'of a ball shot from a cannon, or of a vessel moving 
oil the water, or of a carriage on the land. The other 
kind of motion is of the parts of bodies among them¬ 
selves : hence plants Hid animals increase in bulk : 
hence, also, we account for the composition and de- 
compositidn of 5 bodies. A compound metal, as brass, 
could not exist, if its component parts, copper and zinc, 
were, not put in motion by means of heat, and by being 
fused they are enabled to unite in one masg. So, like¬ 
wise, every decomposition is effected: thus, in the dis¬ 
tillation of wkie, the spirit and the water are separated 
by means of the motion occasioned by heat. In every 
process of fermentaiion and putrefaction, whether by 
artificial or natural means, there must be motion ; some¬ 
times it is the cause, and sometimes the effect of the 
process. 
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All matter, by a principle called inertia , is said to 
iesist*a change of state: that is, a body at rest would 
remain so for ever; and a body once put in motion must 
continue so. The first case is obvious, the book on the 
table would, of itself, never change its place ; and a ball 
put in motion, either by the J’orce of powder, or by being 
.struck with a bat, &.C., would continue to move through 
the air, or to roll on the earth for ever, if it did not meet 
with resistance from the atmosphere, or from friction, 
or from gravitation, of which we shall Sffbak hereafter. 

Example. If J roll a ball along the glass, it will, 
with a certain force, go a certain distance; but if I roll 
it on a smooth pavement, with the same force, it will 
proceed much further, because the friction is less on 
stone than on grass, and less on ice than on stone^j the 
resistance of the air, and the action of gravity may be 
considered the same in all the cases. 


Hence you will infer, that, to put a body in motion, or 
to stop one already in motion, *there must be sufficient 
causes: thus, if to give a ball of one ^onnd weight a 
certain degree of motion, a given force is required; 
double that force wilt be required for another ball of 
two pounds weight. Here we suppose the velocities are 


equal. * 

The velocity of motion is measured by the time em¬ 
ployed in moving over a certain space, or by the space 
passed over in a certain time. •“ 

Example. The velocity of a chaise, travelling ten 
miles in an hour, is double that of a cart that goes the 


ten miles in two hours. Or the velocity of a hunter, that 
runs ten miles iu half an hour, is double that of another: 
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horse that would require an hour to pass cmr the same 
space. 

To ascertain the velocity of any body, we divide the 
space run over by the time ; thus, in the instance ju^t 
mentioned, the velocity of the hunter is 10 divided by 
SO, that is at the rate of one mile in three minutes ; hut 
the velocity of the other horse will be 10 divided by 60, 
or one mile in six minutes; and in comparing the velo¬ 
cities of the two horses, we say the velocity of one is 
double that of ‘die other. 

To ascertain the space run over, when the \e loci tv 
and times are given, we multiply the \eloeity into the 
time which will give the space. 

Example.— What space will he passed over bv a 
ship iti 5 hours, that sails at the late of 9 miles an hour' 
Answer, 5 x 9 = 45 miles.* 

A body in motion must, at every instant, tend to some 
particular point. If it tend always to the same point, 


If the spacer, times, and velocities of a body he denoted by the 
letters S, TV, we*get, as above, S=TxV, and hence wc deduce 

& & 

the values of T and V; forT=~ and Vs^. If there be two 

bodies■ moving over unequal spaces in unequal times; the circum¬ 
stances o^the one being denoted by S, T, and V, an,d those of the 

s s 

other by e, t, v, then wc get ssrtx v: and vr=- and the ve¬ 

locity of one bod)f will be to that of the other, as the quotients 

S b 

arising from dividing the spaces by tBe times or V: v :: ^ ~ : if, 

in one case the space be $000 yards run over in 5 minutes, and in 
the other the space be 800 yards passed in 8 minutes, then V ; v ;; 

; : 200 : 100, that is, the velocity of the one is double that 
of the other. The other theorems may be deduced from Hits. 
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the motion will be in a straight line: thus if the ball a, 
tig. ‘2, ‘in moving to b, always tends to the same point, 
its motion will be along the straight line A u. Blit, if 
a ball be projected from a cannon, a c, tig. 3 , in the 
direction of a „r, the motion will, at first tend Towards 
x, afterwards, bv the action of gravity, it will tend to¬ 
wards y, u\ r, Sec.; so that, in moving fiom a to b, 
where it is stopped by the ground, it passes through the 
curve a a B. 

if a body is acted upon by one force only, or by sc* 
\eral in the same direction, its motion will be in the 
same direction in which the moving force acts; the mo¬ 
tion of a barge, which a man, standing still, draws to 
himself, is an instance. If two or more powers, diffe¬ 
rently directed, act upon it at the same time, it will move 
in a direction somewhere between them. 

This is called the composition of motion, because the 
two forces are compounded and act in one direction, of 
which the following is the most Simple case: 

If a body, a, fig. 4 , be acted upon by 9 force equal 
to x, in the direction a b, and at the satfie time, it be 
acted upon by another force, 2 , in the direction a c, it 
will not move in the direction either of A b or A ex, but 
in the diagonal a d ; and if the f lines a b and *A c be 
made in lengths proportional to the acting forces x and 
z, and the lines c n and d b bo drawn parallel to them, 
so as to complete the patallelogram a«b c n, then the 
line which the body A will describe*will be the diagonal 
a d. and the length of this line will represent the force 
with which the body will move. 

Instances in nature, in which two forces act in this. 
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way upon bodies, are the planetary bodies; these, by 
gravitation, tend towards the sun, and, by the projectile 
force, they have a perpetual tendency to move forward 
in a straight line ; and hence these move in a curve be¬ 
tween the two forces. A ship may be acted on in the 
same way by the wind and tide, and will neither follow 
the direction of one or the other, but take a line between 
them both. A kite flying in the air is acted upon by the 
wind, which would cairy it one way, and by the string 
pulling it another, and it takes a course different from 
both. 

A stone thrown upwards from a ship under sail or 
from the window of a carriage in motion is impelled 
forward witli the velocity of the vessel or the carriage, 
as well as upwards in the first case, or sideways in the 
second by the hand that throws it. 

Hence we may understand how it is that our eques¬ 
trian performers are able to execute such surprising 
leaps over a garter; ail they have to do being to spring 
to a sufficient height upwards, in which they are assisted 
by tbe action^of the horse; the motion forwards is given 
by the horse alone. 

Iq the same way may be explained the many fatal 
accidents which happen to persons in leaping from a 
carriage, on tbe horses taking fright, the velocity with 
which they reach the ground in such case being com¬ 
pounded of the* velocity derived from their own exer- 
tionsj. lhe effect of gravity, and the velocity of the car¬ 
riage. 
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Why the Phnets move in cuive lilies—Accelerating Motions ex- 
"plained and illustrated—Attraction defined and Illustrated—In¬ 
stances of the Attiaction of Cohesion—Repulsion defined, and 
familiar Examples of it given. 


You ask why the planets and a cannon-ball move in 
curve lines, and not in a diagonal between the directions 
of the two forces. The reason is, that the action of 
gravity in one case, and that of the hand in the other, 
are not single forces by which a straight line would be 
formed, but they are constantly acting upon the bodies, 
and drawing them out of the straight line; whereas by 
the illustration of figure 4, there were supposed only 
two distinct impulses, viz: that %f x driving it one way, 
and z impelling it the other. Look to fig. 5;*if A be 
supposed the moon, which by its gravity would fall in 
one minute along the line A b to 1, and by means of 
the projectile force, it would, in the same time pass from 
a to x, it will not at the end of the minute be found at 
J , or at x t but at a ; and as gravify in the direction a b, 
is constantly acting upon A, with an accekrating force, 
and not by a single and uniform impulse it will describe 
the curve line An, and not a diagonal "right line; so at 
the end of the second minute it will not be found at z , 
or at <2, but at b. Having described the curve line 
a a 0, and so of the rest. 


Uttn 
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I will now illustrate what is meant by an accelerating 
motion, which is one whose velocity is continually in¬ 
creasing. 

Example. A marble or bullet let drop from the 
hand from any height, (as the top of St. Paul’s church) 
is an instance of accelerated motion; for it is found by 
experiments accurately made, that such a body will in the 
first second of tune fail through a space equal to 1G 
feet; in the next second, it would full through 48 feet; 
and in the third, through 80 feet, and so on. Thus, in 
three seconds, the body will, by this accelerating motion, 
pass over 144 feet, whereas if the motion had been uni¬ 
form it would have gone over only three times 16 , or 
48 feet. 

Accelerated motion has been illustrated by means of 
the figure of a triangle. Suppose a, fig. (), to be a 
falling body, and that it descends to B in the first second 
of time; the accelerated motions or velocities are ex¬ 
pressed by the small lmes D k, d e, &c. which are con¬ 
tinually increasing in length; and the last or greater 
velocity, at the end of the second, will be expressed by 
B c, which is the longest of them all. Now the spaces 
described in the same lime are proportional to the velo¬ 
cities and the sum of all the spaces described in the 
small portions of time, is equal to the space described 
from the beginning of the fall. The whole tiiangle 
may be supposed to be formed of these small lines, 
therefore the space described by a falling body, in the 
time represented by a b, whether that time be a second 
or a minute, or any other portion of time, with an uni¬ 
formly accelerated velocity, of which the greatest is re- 
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presented b\ u c, may be fairly represented by tbe area 
of the triangle a b c. 

Suppose gravity ceased to act, then thcsspace passed 
over in the next similar portion of time, would be equal 
to the velocity b c, multiplied by the time A B,*»that is, 
to double the triangle A bc; or (if b f be taken equal, 
to ah) to the figure b c f g* which is proved by geo¬ 
metry to be equal to twice the triangle abc; but gra¬ 
vity does not cease to act, therefore the triangle A b c, 
or its equal C c h must be added to it, gf course the 
space passed over in the second portion of time will be 
represented by b c h o f, which is equal to three times 
a bc. 13) the same mode of reasoning, the space fallen 
through in the third second of time, will be accurately 
represented b> the space f ii m i, which is equal to five 
times abc; if then abc be reckoned if) feet, as ft is 
found to be by experiments, then the space fallen through 
in the second portion of time will be equal to 10x3 = 
48, and that in the thiid portioned' time will be 1(3x5 
— 80, as above. 

You will now easily comprehend the 4ew *by which 
uniformly accelerated motions are governed, viz: “The 
velocities, in each instant, increase, as the odd numbers, 
1,3, 5, 7, 9, 11, &c.” 

“ But the whole spaces descriBed are in proportion 
to the squares of the times employedth*t is, in twice 
the time a body will fall through four times tbe space; 
in thrice the time, through nine times die space; for by 
referring to the figure, it will be seen that at tbe end of 
the first portion of time there was but one space passed 

See Letter II, 
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over ; at the end of the second, there were four spaces; 
and at the end of the third, nine ; at the end,of the 
fourth there ’vill be sixteen; but 1, 4, 9, 16 , are the 
squares of 1,2, 3, 4, which represent the times, and it 
will be found that by adding the odd spaces together, 
we get others equal to the squares of the numbers re¬ 
presenting the times : thus the first space is 1, equal to 
the square of 1 ; the first and second together, are 1 -f 3 
= 4 equal the square of 2, which jepresents the time 
employed ; and l -f 3 + 3 = 9 equal the square of 3, and 
so on. 

Hence we find, the heights from which a body will 
full in any given time : thus the height which a body 
will fall through in six seconds, is the square of 6 multi¬ 
plied hv if] f e et, or 36 x 16=376 feet. 

Hence also, we can find the depth of a well, by as¬ 
certaining the time which a heavy body takes in falling 
to the bottom. Suppose I drop a bullet into a deep 
well, and 1 find by a .^top-watch, that it is 5 seconds 
before it reaches the bottom, the depth is 25 x l6=4(X) 
feet. This fcile, however, is accurate only upon the 
supposition that there was no resistance from the air, 
which is not the case: the air, especially in all swift 
motions, produces much resistance, whi^h retards the 
velocity of a falling body, and of course diminishes the 
distances pawed through 'in a given time. 

1 will now proceed to the consideration of the sub¬ 
ject of attraction, by which 1 mean the tendency 
that bodies, or the parts of bodies, have to approach 
&ch other. 

There are several kinds of attraction, a* the attraction 
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of cohesion, the attraction of gravitation, of electricity, 
of magnetism, and chemical attraction. It is, however, 
only with the attraction of cohesion and gravitation, that 
we are at present concerned. I ought to tell you, that 
by some late experiments of Sir Humphrey Dayy, Mr. 
Oersted, and others, it should seem that the attraction 
of electricity, chemical attraction, and magnetism, all 
depend on the same principle, and inay probably be 
traced as effects of the same cause. 

We do not know' the cause of attraction, but we are 
all acquainted with its effects; we cannot help seeing 
that all bodies whatever, have a tendency to the earth, 
and would full to it if not supported : thus a stone 
dropped from the hand, falls to the earth ; a bullet pro¬ 
jected from a sling or a cannon, will, after the projectile 

force is spent, fall to tlic earth; and this tendency is 
called the attraction of gravitation . 

By the attraction of cohesion, the paits of bodies arc 
held together. Every body mu^t be made up of parts, 
and the principle which keeps those parts together, is 
called the attraction of cohesion. 

The attraction of cohesion takes place between bo¬ 
dies, only when they are at very small distances from 

it 

each other. Thus place two globules ot merqury, at 
the eighth of an inch distance from each other, and 
they will remain for ever at* the same distance; but 
bring them somewhat nearer, and'they will unite, aod 
run into one large globule. Bring two leaden bullets 
together, so as apparently to touch, yet there is no co¬ 
hesion, but if they are gcraped clean, and then squeezed 
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together with a twist, pretty shat ply, they will cohere 
with much force ; and if two flat pieces of L'ad are 
pressed together violently, it will be difficult to separate 
them ; the same thing will take place with plates of 
glass, marble, Stc. 

Hence it has been inferred, that bodies, in general, 
which appear to touch each other, are not in actual 
contact. 

Two pieces of cork, placed on a bason of water, 
may be put, at such a distance fiorn each other, and 
from the sides of the vessel, as to remain where they 
are placed, but if they are brought within a certain dis¬ 
tance from one another, they will attract each other 
and come together; if within a certain distance from 
the sides of the vessel, they will be attracted to the 
vessel. These undoubtedly, are modifications of the 
attraction of cohesion. So also, is capillary attraction, 
thus called fiorn a Latin word signifying a hair , be¬ 
cause this kind of attraction was first observed in small 
tubes, tiie bores of which, were scarcely larger than to 
admit a hnir.c 

Ex EERiMENr i. Here is a glass tube, the bore of 
which is half an inch in diameter, and one also, perhaps, 
not the fiftieth part so large. I place them both up¬ 
right in a vessel of water coloured with Brasil wood, or 
any other substance ; in the large one the water rises 
no higher than the level of jhe water in the vessel; in 
the other you will >see it rises half an inch higher or 
more. This effect is produced by what is denomi¬ 
nated capillary attraction; and the water will be seen 
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to rise much higher, as the bores of the tubes are 
smaller! 

Ex. ii. Here are two panes of glass joined toge¬ 
ther at the sides n c, fig. 7, and kept open, by, means 
of a small piece of wax or other substance e, at the 
opposite side ad. I will immerse them in a dish of 
coloured water, and the attraction of the glass, at and 
near the side b c, will cause the fluid to ascend to b, 
but about the parts D, where the glasses are farthest 
from one another, it scarcely rises above* the level of 
the water. 

Ex. in. This thin smooth board, five or six inches 
square, I will balance pretty accurately, by means of a 
scale beam ; and then bring the surface of the board to 
the surface of a pan of water, so as to touch, and it 
will require a force much greater than its own weight 
to separate it from the water. 

It is by this species of attraction, that salt imbibes 
water from the air : that a piece of sugar thrown into 
a tea-cup, containing a small portion ofjhe^fluid, in¬ 
stantly imbibes it; that a heap of ashes, sponge, linen, 
&c. having only a part in water, will, in a short time, 
become wet throughout. 

Some bodi6s are solid, and some fluid; some are soft, 
and some hard; some will easily bend, and some are 
said to be elastic: it is, probably, owing to the differ- 
ent degrees of attraction with \\hich t diffcrent substances 
are affected, that they appear in these several states. 
Some bodies will be found in almost all these states, 
accordiiTg to the degree of temperature; thus stick sul¬ 
phur is solid and brittle, at the usuqj temperature; with 



more heat it may be made soft, and with a still Jiighei 
temperature it may be melted into a fluid mass. Me¬ 
tals may be either in a fluid or solid stale, according to 
the temperature ; some of them, (as the new metals dis¬ 
covered within the last few }ears by Sir Humphrey 
Davy and others,) are so soft, that they may be spread 
with a knife. Hence, heat has a considerable influ¬ 
ence upon the cohesive powers of bodies, and if raised 
to a certain point, it will throw the particles of bodies 
out of the sphere of each other’s attractions. Thus the 
particles of water cohere, but by raising the heat to the 
boiling point, they go off in steam : the same is observ¬ 
able in all other bodies. 

Some bodies appear to possess a power, which is the 
reverse of attraction of cohesion, and is denominated 
repulsion. Water will unite with water, or with spirit, 
by attraction, but it cannot be mixed with oil; the par¬ 
ticles of the two fluid*, seem to repel one another. 

Experiment. If a ball of light wood be dipped 

t 

in oil, and th»jn thrown in water, the water will recede, 
so as to form a channel round the ball: this is owing to 
the repelling force between the bodies. 

Water repels most bodies, till they have had time to 
get wet. A small sewing needle, carefully placed on 
water will swim. The drops of dew which appear in 
a fine summer’? morning, op cabbage plants, assume a 
globular form, from the attraction that there is between 
the particles of water; and upon examination, it will 
be evident, (hat the drops do not touch the leaves, 
because they will roll off without leaving any marks of 
moisture behind them; which could uot happen if there 
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subsisted any degree of attraction between the watei 
and the leaf. » 

The icpelling force of the particles of a fluid is but 
small; therefore, if a fluid be divided, the parts easily 
unite; but if glass, or china, or wood, be broken, the 
parts will not cohere without b$ing moistened with some 
oilier substance; as white lead, glue, &c., because the 
repulsion is too great to admit of a re-union by them¬ 
selves alone. 
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Attiactiou of Gravitation explained—How and by whom fimt a» 
certained—inference drawn from it—Experiments— The Dcl.igu 
accounted for—Laws of Gravitation—Table of Weights according 
to the Distances —Gravitation between the Eaith and other 
Bodies, mutt^d—Experiments - In what the Power of Gravity re¬ 
sides—It is an universal Principle, 

I have already noticed the motion of bodies, and 
illustrated accelerated motion, without much reference 
to the cause which produces it, viz. the attraction oj 
gravitation. 

“ Attraction of gravitation,” or, as it is called in short, 
u gravity,” is the force with which bodies tend towaids 
the centre of the earth. Or, moie generally, u It is 
that power by which distant bodies tend towards each 
otherby this principle the planetary bodies tend to- 

1 tr ... 

ward the sun as a centre : and by it all bodies, in the 
vicinity of the earth, have a tendency to the earth, and 
will, unless supported, fall in lines nearly perpendicular 
to its surface. 

The power of gravity, for we seem to know nothing 
about the cause, is the same in all bodies, whether light 
or heavy; a guinea and a wafer will fall from the same 
height in the same time, provided it be in a vacuum, 
that is, in a part of space from which the air is taken 
away. . The mode of performing this I will explain to 
you hereafter. The fact was ascertained more than a 
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century ago by the illustrious Sir Isaac Newton. To 
prove that gravitation is always in proportion to the 
quantity of matter attracted, he took two pendulums, 
(the vibrations of which are caused by the attraction of 
gravitation), of equal lengths, with hollow balls of equal 
size, in order that the resistance of the air might be the 
same with respect to both. Within the bails he placed 
substances very different in weight, but the times of vi¬ 
bration were always the same, though the weights might 
differ in the proportions of two, or three,*or ten to one : 
hence he inferred that the attraction was proportional to 
the quantities of matter, because it must require ten 
times the force to move in the same time, and with 
the same velocity, a body of ten pounds or ounces, 
than could be required for a body of one pound, or 
ounce only. From this fact it is inferred, that all bo¬ 
dies, at equal distances from the earth, will fall with 
equal \elocilies. .And we have seen in the last letter, 
that falling bodies, as they approach the earth, do so 
with increasing velocities. This accelerated {notion is 
produced by the constant power of gravity, which, by 
adding a new impulse at every instant, gives an additional 
velocity every moment of time. 

You will, perhaps, suppose there may be some ex- 
& • 
ceptions to this general rule$ you see, for instance, 

smoke, steam, feathers, and other 'light bodies*ascend 

or ffoal about in the air, whereas ajnarW or a penny- 

piece would fall instantly to the earth. It was, indeed, 

formerly thought that smoke, steam, &c* possessed no 

weight,* no gravitating powers; but later experiments 

have shown that these are equally obedient to the gene* 

c 
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ral law, as bodies the most dense : and it is owing to 
the density cf the surrounding air that they actually 
ascend. 

Expeiiiment i. Throw’ a piece of deal wood, and 
a piece of copper, or stone, into a pail of water, the one 
will rise to the top, the ether will sink and remain at 
the bottom : the copper descends because it is heavier 
than its bulk of water: the wood ascends, and floats on 
the surface, because it is lighter than an equal bulk of 
water. 

It is the same with regard to smoke and steam; the 
air is a fluid, and if the smoke or steam be lighter, bulk 
for bulk, than the surrounding air, it will rise; but if 
the air were lighter than the smoke it would fall down. 

<Ex. 11 . It is easy, os you will see hereafter, to put 
out a candle in an exhausted receiver of an air-pump, 
that is, in a receiver in which there is uo air, or very 
little, and, in that cas^, the smoke will fall to the bottom 
in the same manner as a piece of metal. This proves 
that smoke' has weight as w ell as other substances. 

You sometimes see smoke ascend majestically in a 
tall column; sometimes it rises but a short distance, and 
then spreads abroad on all sides. In the first case, the 
air is heavier than the smoke, as high as it ageends per¬ 
pendicularly and then 4t meets with air of a density 
equal <to itself,jandcan ascend no higher. 

You will now readily admit that bodies of all kinds, 
if not impeded by other resisting powers, will fall to the 
earth, by the attraction of gravitation* By the same 
power; bodies on evtfry part of the surface of tlie earth, 
which you know k of a globular form, arc kept steady 



deluge accounted for. 


27 


• 

on its surface. Because, wherever situated, they tend 
to th» centre of the earth, and, since all tend to the 
centre, the inhabitants of every part of tHb globe stand 
as firm as we do in these islands, though, in point of fact, 
the feet of different people on the globe are nearly op¬ 
posite to one another. 

Philosophers have sometimes speculated upon the 
consequences that would result if the point to which 
bodies naturally tend, were suddenly removed from the 
centre of the earth; and they imagine*that if it was 
shifted ever so little, it would cause an immediate over¬ 
flowing of the low lands, on that side of the globe to¬ 
wards which it should approach. Hence the deluge, 
mentioned in the bible, has been accounted for: it is 
said that the alteration of this point, to only two or three 
miles, would be sufficient to lay the tops of the higliest 
hills under water. 

You will, however, remember that all places on the 
earth’s surface, are not at eqaal distances from the 
centre. The motion of the earth on its axu in #4 hours, 
which we shall hereafter prove to exist, tauseif the parts 
about the equator to swell out, and the parts «ihout the 
poles to be flattened, more than the other parts of t the 
earth. In ot^er words, it is found lhat'the diameter of 
the earth lykcross the equator is about 17 miles greater 
than the diameter from pole to* pole. 

Another principle relating to the attraction of gravi* 
tation, is, that the power is greatest at the surface of the 
earth, from whence it decreases both upwards and 
downwards; but not in the same proportion. JThe force 
of gravity upwards decreases as the stjuart flf the dis~ 

c 2; 
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tatice from the centre. That is, gravity at the surface 
of the earth, which is about 4000 miles from the centre, 
is four times itiore powerful than it would be at double 
the distace, or 8000 miles, from the centre. To make 
the matter still plainer, gravity and weight may be taken, 
in particular circumstances, as synonymous terms. Here 
is a piece of lead, we say it weighs a pound or sixteen 
ounces, but if by any means it could be carried 4000 
miles above the surface of the earth, it would weigh 
only [ of a pound, or four ounces : and if it could be 
transported to 8000 miles above the earth, which is 
three times the distance from the centre that the surface 
is, it would weigh only l-Qth of a pound, or something 
less than two ounces. 

It is demonstrated that the force of gravity down¬ 
wards decreases as the distance from the surface in¬ 
creases, that is, at one half the distance from the centre 
to the surface, the same weight already described would 
weigh only a pound / and so on: the following table 
will impress the facts stronger on your memory, which is 
formed upon the supposition that the diameter of the 
earth is 8000 * miles, and its radius 4000 miles : 

A piece of metal, &c. weighing, on the surface of the 

earth, one pound, will, 

* * 

"The centre^ weigh.0 

I $000 miles frt>m the centre . £ pound. 

% 000 *. . i 

«K s,octet.,. . ..i 

4,000 t 

8,000 i 

J2,000 I 

The diameterof the earth is 793) mile*. 
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And at the distance of the moon from the earth, which 
is 240,000 miles, it would weigh only -3^ yth part of a 
pound, because the distance being 60 times faither from 
the centre of the earth than the surface is, and the force 
of gravity decreasing as the squares of the distance, it 


be aS 1 t0 66^00 ° r 


Another fact, to which 1 would draw your attention, 
is, that as all bodies gravitate towards the earth, so the 
earth itself gravitates equally towards ail bodies. It is 
true wc see bodies fall to the earth, but we do not see 
the earth move towards those falling bodies; the reason 
is this: the earth is immensely large, compared with 
any body which is on its surface, and therefore its mo¬ 
tion must be infinitely small, in comparison of the mo¬ 
tion of falling bodies upon it. The same is applicable 
to the gravitation of bodies among themselves; all bo¬ 
dies have an attraction for one another, but the attrac¬ 
tion of the earth preponderates*so much above all other 
attractions near its surface, as to prevent «lhe other at¬ 
tractions from being noticed. I will illustrate what I 
mean 'by an experiment. 

Experiment 1. On this vessel of water, I place 
two pieces of cork, one large and another small, I bring 
them within the distance of ope another's attraction, and 
you will tee the small piece move as much faster than 
the large one, as it is lesl than that. 

Had they contained equal quantities of matter, they 
would have met in the centre point between the two. Jn 
this case the attraction of the earth has .nothing to do 
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with their motions, because they are supported by the 
wafer from falling; towards the centre of the curtln 

Ex. 11 . 1/1 were to let two balls fall from the top 

of a high tower, or from the dome of St. Paul’s, at a 
small distance apait, as a >ard, though they have au at¬ 
traction for one another, it will be as nothing, when com¬ 
pared with the attraction b> which they are drawn to the 
earth, and consequently, the tendency which they mutu¬ 
ally have of approaching one another, will not be per¬ 
ceived in the ftbl. 

Ex. in. If, however, any two bodies were placed 
in free space, and out of the earth’s attraction, thev 
would, in that case, assuredly approach each other, in 
the same manner as the corks on the water did, and that 
with, an increased velocity as they approached each oilier. 
If the bodies contained equal quantities of matter, they 
would meet in the middle point between the two ; but 
if they were unequal, they would meet as much nearer 
the larger one, as that contained a greater quantity of 
matter tliqp ihe u olher. Hence, though the earth ought 
to move towards falling bodies, as well as they move to 
it, yet as the earth is so many million of times larger 
than aiiy thing belonging to it, the point in w hich a fall¬ 
ing body and the earth would meet, is rctftoved only to 
an indefinitely, small distance from its surface, a distance 
much too minute to be conceived by the human imagi¬ 
nation. 

I ought to inform you, while on the subject of gravi¬ 
tation, that it is not any thing at the centre of the earth 
tlidt causes the attraction of gravitation, but the whole 
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body of the earth itself; and if the earth contained more 
or less*matter than it does, the laws of gravitation would 
be different from what they now are. HvAi high moun¬ 
tains will attract bodies to themselves. The mountain 
of Schchallien, in Scotland, was selected by Dr. Mas- 
kelyne for the purpose of making the experiment. A 
ielescope was brought to the south side of the moun¬ 
tain, aud pointed to a star in the zenith—to the object end 
was hung a plumb-line, so as at the same time to pass 
over a fine dot near the eye end. The telescope w as then 
removed to the north side of the mountain, and pointed to 
the same star, when it was found that the plumb-line, in¬ 
stead of passing over the dot, as in the former situation, 
was deflected towards the mountain. This experiment 
was several times repeated with the same result, plainly 
shewing, that the mass of matter contained in the moun¬ 
tain attracted the weight of the plumb-line towards it, 
causing it to deviate in the first situation to the north¬ 
ward and in the second to th? southward of the true 
perpendicular. From this and other experiments of a 
similar nature, it is iuferred that the whoTe body of earth 
is the Attracting body, and the cause of weight. Gra¬ 
vity is an universal principle; it is that, which, ii> the 
hands of the* Creator, first formed, and still maintains 
die earth in a globular shape it is that which preserves 
every thing animate and inanimate on its sttffcce; by 
this we stand fast on 81 ! sides of th£ globe, for the 
thickest mass of earth is directly under our feet> what¬ 
ever be our position, whether iu Great Britain, or on 
the continents of Europe, Asia, Africa* or America, 
and the thickest mass has the most jpowerful attraction. 
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First Law of Motion exemplified—Second Law of Motion ex¬ 
plained—Third Law of Motion illoatrated— Collision of clastic 
and non-elastic Bodies—Facta and Experiments relating to the 
collision of Bodies—Curiona Circumstance connected with the 

inertia of Matter—Principle of the Vibrations of Pendulums. 
n 

MY YOUNG 1 KIEN I), 

In reasoning on natural philosophy, there are three 
laws of motiou, which I will stale and illustrate, and 
which you should not only comprehend, but commit to 
memory. The first is, r 

“ That every body will continue in its state of rest, 
or uniform motion, in a right line, until it is compelled 
by some external force? to change its state.” 

A bullet, ^discharged from a gun, would continue its 
motion fdr evfcr, if there were uo external obstacles 
aiising from tbe resistance of the air, and the action of 
gravitation ; the former is every instaut diminishing its 
motion^ and the latter is continually bringing it to the 
earth, so that, from what we have seen, though it may be 
projected hoAzontaljy, yet it does not continue in a state 
of motion* in & right line, fora single instant, but de¬ 
scribes a curve till it'reach the earth, and, by comparing 
what we have discussed before, respecting the combina¬ 
tion of ferees (page IS and 14) you will see tbaf it will 
liheMbe ground precisely at the same moment, as if it 
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had fallen from the hand in a perpendicular direction. A 
top, oftce put in motion, would revolve for ever, if it 
were not impeded by the air and the friction produced 
by the peg on the plane on vNhich it inove9. It is by 
this law that the heavenly bodies preserve their progres¬ 
sive motions undiminished, ^because they travel iu re¬ 
gions in which there is no resistance from a fluid at¬ 
mosphere, and because their centrifugal and centripetal 
motions, that is, their motions occasioned by a projec¬ 
tile force, and by an attraction to a centre, are adjusted 
and nicely balanced. 

Secondly. “ The change of motion is always pro¬ 
portional to the moving force by which it is produced, 
and it is made in the line of direction in which that force 
is impressed.” 

A cannon ball^ ill be projected to a certain distance 
with a certain charge of powder, but if more or less 
powder is used, the ball will proceed farther in the for¬ 
mer case, and not so far in thfi latter. If I strike a 
cricket-ball so as to make it go fifty yards, and then 
strike it with double or triple that fordt, it will, other 
circumstances remaining the same, go nearly double or 
triple the distance. I say nearly, because the resistance 
of the air has a much greater ejjfect on swift than on 
slow motions. Again, the motion is made in the line of 
direction in which the force is impressed? a vessel at 
sea, where there are no Glides to prevent, will obey the 
force of the wind, and will go directly before it. Bat 
if the vessel at a, fig. B, be going down a current, a b, 
due south* at the rate of six miles an hour, and the wind 
in the direction a d, due East, drive it at the rate of 

c 3 
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eight miles an hour, it will proceed neither north nor 
east, but between them both, along the line a c ; and 
it will, at tlie end of the hour, if the current and the 
wind continue the same, be found at the point c, and as 
the line a c is longer than the line a b or a j>, it will 
have sailed further, by the joint action of the two forces, 
than it could by either of them separately, because the 
line a c is 10 miles,* whereas the line a d is only 
eight miles. 

Thirdly. *i Action and redaction are always equal 
and contrary.” That is, the action of two bodies on 
each other is always equal, but in contrary directions. 
If I press with my hand on one scale of a balance, to 
keep it in equilibrio with a seven pound weight in the 
opposite scale; the hand is pressed by the scale up¬ 
wards as much as the hand presses the scale downwards; 
that is, in both cases the pressure is equal to seven 
pounds. If, standing in one boat, I draw, by means of 
a cord, another of equal weight to me, they will both 
move and jneet in a point half way between the two. 
Here action afcd re-action are equal and in contrary di¬ 
rections. If I strike the table with my band, the action 
of jthe table against the hand is as great as that of the 
band against the table. A horse, drawing a load, is as 
much drawn back by the load, as he advances with it, 
that is, his progress is so much impeded, for with the 
same quantity of exertion, he. would be able to proceed 

* Tbe length a c, it found by squaring the lengths of a n and 
a B, and taking tbe square root of the sunt : thus— 

V / 8«-f6’=rv / 6^+36= /l 00=10. 
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much farther, without the load than he can with it; and, 
if the load be increased tiR it is precisely equal to the 
strength of the horse, it will remain at teSt, though the 
whole force of the animal be in action. 

From this law of motion, we learn in what manner a 
bird, by the stroke of its wings, is able to support the 
weight of its body. If the force, with which it strikes 
the air below, is equal to the weight of its body, then 
the bird will, as it were, rest between the two forces. 
1 f the force of the stroke is greater t^an its weight, 
the bird will rise with the difference of these two for¬ 
ces : and, if the stroke be less than its weight, then it 
will sink with the difference. 

Hence I may lead you to the consideration of the 
collision of bodies elastic and non-elastic, which de¬ 
pends chiefly on the third law of motion. An elastic 
body is that which changes its figure, and yields to any 
impulse or pressure, but endeavours, by its own nature 
and force, to return to the same again. If I bend a 
piece of cane, by bringing the ends near together, it will, 
the moment I let the ends go, endeavtur, l ty its own 
force, to attain its original straightness: the same may 
be said of a slip of steel, and of many kinds of wqod, 
to a certain dfgree. In all such cases, the body, bent 
out of its natural position, makes an effort to set itself 
at liberty; this is owing to the principled elasticity, 
and the force of the effort is measured* by the power 
necessary to keep it in its bended stale.* You have seen 
a bladder blown up with air; by pressure, with tire lin¬ 
ger, y 014 will make a dent on it, but remove the finger* 
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and it instantly recovers its former state. All bodies, 
with which we are acquainted, partake of the pi opei t\ 
of elasticity, some in a greater and others in a less de¬ 
gree; none, perhaps, are so perfectly elastic, as to re¬ 
store themselves with a force equal to that with which 
they are compressed. The following facts are well de¬ 
serving a place in your memory, and the illustrations 
may tend to fix them there : 

3 . A perfectly elastic body, if there be such a thing, 
endeavours to' restore itself with the same force with 
which it is pressed or bent 

2. An elastic body exerts its force equally towards all 
sides, though the effect is chiefly found on that side on 
which the resistance is weakest; this is evident in the 
firing a gun, when the elastic fluid, generated by the 
powder, exerts itself on alt sides of the barrel, but its 
effect is visible only at the mouth of the gun, because 
the resistance of the air in that direction, is nothing com¬ 
pared w ith the resistance of the sides of the barrel. 

3. Elastic bodies, however struck or impelled, re¬ 
bound in the Ifome manner: thus, a bell, which is very 
clastic, yields the same musical sound, in whatever man¬ 
ner r or on whatever part it is struck ; and a ball, marble, 
&c., rlbounds from a plane in the same ktpd of angle in 
w hich it is struck, making what is called the angle of 
incidence, e^ual to the angle of reflection. 

4. The elastic properties ‘of some bodies seem to 

* V 

differ according to their greater or less degree of density : 
thus, metals are rendered more dense and more elastic 
by being hammered; cold condenses solid bodies, and 
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m.ikes tlieni more elastic; but air, steam, and other 
i-lu»tio*fiuids, are expanded by heat, and rendered more 
elastic. 

With regard to the collision of bodies, I must observe, 
that according to the third law of motion, if two bodies 
strike each other, their motions are equally affected, and 
.their collision produces equal changes, but in contrary 
directions. 

Expel iment i. Let two balls d and b, (fig 9), be 
suspended from a common centre a, ayd let d be co¬ 
loured over with some fluid, and, while it is wet, let the 
tw'o be brought into contact; a small mark will be made 
on the dry ball; but if the coloured one be raised to a 
certain height, and then suffered to fall against the other, 
the impression marked on the dry ball, will be much 
larger than when it was brought into mere contact tfnly, 
which proves that the balls were indented by the stroke, 
and their appearance after the stroke shews that by their 
natural elasticity, they have recowered their original form. 

Ex. H. Let two equal ivory balls, b and c, be sus¬ 
pended at a, and, when c is at rest, lat b fall upon it, 
and it will by the collision lose the whole of the motion 
which it has acquired in its descent through the airs c, 
and the bailee will be driven up to x», in the same man¬ 
ner as b would have been carried to that point by its 
acquired velocity, if it had nol been obstructed by c. 

Hence the striking body will conmuyiicate the whole 
of its motion to the other, and afterwards remain at rest. 

Ex. in. Let three balls, a, b, c, fig. 10. be hung 
from fdjoining centres, and c be drawn a little out of 
the perpendicular, and suffered to fall upfon b } then will 
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c and b become stationary, and a will be driven to the 
position 0, the distauce through which c fell upon. b. 

Ex. iv. Let any number of balls hang on adjoining 
centres, so as, in the quiescent state, to touch each other, 
if the outside one be drawn aside, and let fall upon the 
others, the outside ball, on the opposite side, will be 
driven off, while the rest remain stationary. 

Ex. v. If two of the balls were suffered to fall at 
the same time, but at a small distance from each other, 
the middle bal(s would remain at rest, and the motion 
would pass through their centres to the two remote 
balls. AH these experiments will prove that action and 
re-action are equal and in contrary directions. 

Another circumstance, mentioned by authors, in con¬ 
nection with this subject, is deserving of your attention, 
and 4 which depends upon tbe third law of motion, and 
on the inertia of matter. If a blacksmith strike his an¬ 
vil with a hammer, action and re-action are equal, the 
anvil strikes the hammer,as forcibly as the hammer strikes 
the anvil. If the anvil be large enough a man might 
place it on his b>east, and suffer another person to strike 
it with aU his force, without sustaining any injury, be¬ 
cause the vis inertia? of tbe anvil resists the force of the 
blow. -But if tbe anvil were small, as only q few pounds 
in weight, the blow would be fatal. 

I shall finfeh this letter with a short account of the 
principle of pendulums. 

A pendulum is a heavy body suspended by a string or 
small wire, which moves about a point as its centre. 

When this weight it put in motion, it will descend 
through one half of an arc by its own gravity, and as- 
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cend the other half by means of the velocity which it 
has acquired in its descent. 

Suppose a body p, (fig. 11), to be suspended by a 
line, from a centre c, if it be raised to d, and then let 
fall, it will descend through the arc d p by its gravity, 
and in falling it acquires such a velocity as it would ob¬ 
tain in falling from e to p. * At p, if it were at liberty, 
it would, by the first law of motion, fly off in the right 
line p p, but, being retained by the Striug, it ascends 
through the arc p b to b, here its motion is spent, and 
it returns to n, and would thus continue to move for 
ever, if it were not retarded by the friction which the 
cord has on the hook c, and by the resistance of the 
air; these impede its motion, and each vibration is less 
than the former, till at length the pendulum comes to 
rest in the position c p. 

The vibrations of the same pendulum, whether small 
or great, are performed in equal times nearly, that is, 
whether the weight p be raised to x or to d, the vibra¬ 
tions will be performed in equal times. 

Tbe point c, on which the pendulum swings, is called 
the point of suspension. The longer the pendulum, the 
slower are its vibrations, and the contrary. A pendulum 
that vibrates^ seconds in this country, is 39*2 .inches, 
nearly, that is, the length from the point of suspension c, 
to the centre of vibration, or the centre of the body p, 
is 39.2 inches. But a pffidulura 4b inches long would 
vibrate slower, and one *30 inches* Idng would vibrate 
faster. 

The vibrations of pendulums are governed by the 
law of gravity, to which I have already referred : and 
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“ The time of the vibration of pendulums, is as the 
square roots of their lengths.”* Tims, as a pendulum 
39*2 inches,' vibrates seconds, to make one that shall 
vibrate once in two seconds, it must be 4 times as long, 
or 156.8, and to make one vibrate once in three seconds 
only, it must be nine times 39-2 inches, or 352.8 inches. 

Again, to make a pendulum vibrate half seconds, as 
is the case in most table clocks, it must be only J 
the length of the pendulum that vibrates seconds, or 

4 - 

If, instead of a line and weight at the end, a pendu¬ 
lum be made of metal, or other substance, of one uni¬ 
form thickness, it must be one third longer than the 
common pendulum, and the centre of vibration in the 
weight will be the centre of percussion in the rod. By 
the centre of percussion, 1 mean that part of the rod 
which produces the greatest impression in striking a 
blow. 

You will not forgcft that pendulums of the same 
length, vibrate slower the nearer they are to the equator, 
because jjjravitj*, the cause on which the vibrations de¬ 
pend, is less at the equator than it is nearer to the poles. 
Therefore, a clock that keeps accurate time in London, 
with a 1 *pendulum 39*2 inches long, would go too stow 

Suppose ^and t represent the times, and L 1 represent the 
lengths of the pendulums, then we soy, 

T: t:: \/L: s/ 1/ - 

dr 

T 2 : t' 2 :: L: If «nd if T=i and : and L=39.2, then 
7 l=iX 89.2=9.8. But if 
j T=1 and t=2, and L“S9.2, then 
V 1=39.2 X 4=156.8. 
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at the equator, and too fast towards the poles; for the 
motioifof the pendulum depends on the action of gra¬ 
vity, in the same manner as that of any other falling 
body, and it is ascertained that a body will fall 313 
inches at Spitzbergen, in the same time that it falls 312 
at Quito, which is situated near the equator. 
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On the Centre of Gravity—Experiments -Reason why high Build¬ 
ings, leaning out of the perpendicular, stand firm—How Rope- 
dancers balance themselves—How to find the Centres of Gra¬ 
vity mechanically—This Knowledge very useful in many Situa¬ 
tions in Life-pOperations of the loaded Cylinder, double Cone, 
rolling Lamp, and Mariner’s Compass, explained. 

Every body has a fi centre of gravity,” or a point in 
which its weight is supposed to be collected, or in which 
it may be suspended in any direction. Try to balance 
thf parlour poker on your finger, and when you have 
brought it into a state of equilibrium, the part which 
rests on the finger is its centre of gravity. If this point 
be supported the whole body will be at rest. 

A line drawn from the centre of gravity, perpendicu¬ 
lar to th,e horizon, is called the line of direction ; and 
if the centre of gravity be not supported, the body will, 
unless prevented by some obstacles, fall to the earth in 
this line. 

When the line of direction falls within the base of any 
body, tjiat # body will stand ; but when it falls without 
the base, the body will fall. I will now illustrate this 
subject with experiments. 

Experiment i. I place a piece of wood, a, (fig. 
12.) on the edge of the table, and from the pin a , at its 
centre of gravity, I hang a little weight, b , and it will be 
seen that the line of direction a b falls within the base, 
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and, therefore, though the v|ood leans, yet it stands se¬ 
cure. f will now put another piece of wood, B, of a 
.similar shape, upon it. This raises the centre of gra¬ 
vity to c ; fiom which point if a weight be hung, it will 
be seen that the line of direction ci, will fall out of the 
base, and the body must fall. 

Hence you may see the reason w r hy towers, steeples, 
w alls, &c. may stand a good deal out of the perpendi¬ 
cular, and yet be very firm ; because, though leaning, as 
that of the tower of Pisa, 15 or 16 feet oat of the per¬ 
pendicular, still a line drawn from c, the centre of gra- 
\ ity, (fig. 13), falls within the base a b, and therefore, 
so long as the cement endures firm, the building will 
not fall. 

Hence you learn why a conical body, as a sugarlo^f 1 , 
stands so firm on its base; for the top being small, com¬ 
pared with the base, the centre of gravity is thrown very 
low : and in an upright or perpendicular cone, the line 
of direction falls in the middle of the base, which is an¬ 
other fundamental property of steadiness in bodies. For 
the broader the base, and the nearer the fine of direc¬ 
tion is to the middle of it, the more firmly does a body 
stand. Whereas, tall bodies, with pointed or narrow 
bases, can with difficulty, be made Jo keep their upright 
position, as you may experience, by endeavouring to ba¬ 
lance on your finger a walking-stick.* On a similar ac¬ 
count, you must understand the difficujfy which rope 
and wire dancers have in balancing themselves on so 
very small bases, and the motive which induces them to 
make usB of long poles, the ends of which are loaded 
with lead. The man holds the pole across the rope on 
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which he moves, and keep?' his eye steadily fixed upon 
some object parallel to the rope, by which he can easily 
judge when his centre of gravity tends to either side of 
the rope, and by pushing the pole a little to the other 
side he can keep his centre of gravity over the base. 

I will now proceed to shew you how to find the cen¬ 
tres of gravity of different bodies mechanically. 

Experiment i. If two bodies of similar shape, 
as balls, and of equal weights, be fastened to the extie- 
mities of a iod of uniform thickness, the centre of gra¬ 
vity will be in the middle of thk rod. If the bodies u 
and E, (fig. 14), be of unequal weights, the centre of 
gravity, f, will be as much nearer to the larger than 
to the smaller body, as that body is heavier than the 
ojher; thus if e weigh four pounds or ouuces, and n 
only one, then the length e f will be one, and f d will 
be 4 : or it may be represented thus, e:d::df: e r, 
or £ ; d :: 4 : 1, that is, the lengths of the arms, from 
the point of suspension, will be inversely proportional to 
the weights. 

In the motion of a chain-shot, if one ball be heavier 
than the other, the two balls will perform a circuit round 
each other as they fly, and their centre of gravity will 
describe a regular curve. So the earth* 1 and moon, in 
their journey about the # sun, move round one another, 
and neither of theyn describe a regular curve round that 
luminary, but 1 die centre of gravity of the two performs 
the ellipse. 

Ex. li. The centre of gravity in any plane, may 
be found in this way. Let cbdl, (fig. 15, Plate 11 .), 
be the plane figure, which is suspended freely on the 







LAWS OF GRAVITATION. 


45 


hook a, and apply a plumb l|ne to the hook A, v\hicli 
will pass»over the centre of gravity, somewhere in a n, 
which falls beneath the centre of suspension; this line is 
to be marked, and the body is then to be suspended by 
some other point at c, and where the lines c D and A B 
cross each other in e, is the centre of gravity. 

^When the centre of gravity coincides with the centre 
of motion, as in some scale beams, then the body will 
rest in any position, without tending to fall lower, or to 
return to its original situation. 

When the centre of gravity c, fig. 16, is situated ver¬ 
tically over a fixed point, it cannot move without de¬ 
scending ; and when it is under a fixed point, fig. 17, it 
cannot move without ascending. Which facts, when 
compared with the figures referred to, will show you 
the reason of placing the moveable handles of a vessel, 
as a pail, bucket, &c. at its upper part, in order that 
the centre of suspension may be always above the centre 
of gravity, if they were fixed much lower, the vessel 
would be perpetually liable to overset. 

I have already shewn you that the broader the*base of 
a body, the lower will be the centre of gravity, and the 
firmer will that body stand, which points out the ne¬ 
cessity that theje is for great attention in loading carts 
and waggons with comparatively light goods. A wag¬ 
gon, employed in carrying lead or iron, cannot be easily 
overset, but one loaded verp high with ha^ or straw, or 
hops, must be done by an able baud, to move safely 
over rough roads. A waggon or carriage, of any kind, 
will alw^s recover its position, provided the centre of 
gravity, c, remain within a vertical line, passing through 
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the point of contact of the lower wheel and the ground : 
this is the case with b, fig. 18, and therefore there is 
no danger of an overthrow ; but in a the centre of gra¬ 
vity is without the line, and it must, in such a position, 
go over. 

If the velocity of the carriage is great, the danger is 
proportionabty great, because the wheel which is ele¬ 
vated might be lifted off the ground by the momentum, 
and the centre of gravity must thus be carried beyond 
the vertical 'ine, by means of an obstacle which would 
not overset the waggon if it had been moving at a mode¬ 
rate rate. 

If a person be in a carriage, that part on which he 
sits may be considered as the place of his weight, pro¬ 
vided he remain in an erect position; but as he will not 
be able, when in very swift motion, to maintain a per¬ 
fectly erect posture, the centre of gravity of the carriage, 
with its passengers, is to be regarded as something 
higher than the seat. 

From what has beeta said, you will understand the 
reason of a very common experiment, viz. the suspen¬ 
sion of a pail of water, or any other weight, m. fig. 20, 
on a stick, s, resting on the end of a table, t : another 
sticky x f being employed, as in the figure, to keep the 
pail at such a distance from the end of the first, that 
the centre of gravity of the weight M, may be under the 
table, though the weight is suspended by the handle, 
yet if the handle began to descend, the centre of gravity 
must rise, which it cannot: therefore the whole will re¬ 
tain its position and remain at rest. 

* The ascent of a loaded cylinder on an inclined plane, 
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tig. 21, and the motion of a double coue, fig. 22, up 
an inclined plane, formed of wires, or bars, apart from 
one another, may be explained on the same principle, 
viz. the endeavour which the centre of gravity makes to 
descend. In fig. 21, though the cylinder will move up 
the plane p n, yet the centre &f gravity descends. This 
i?also the case with the double cone, the centre of 
which descends as the opening of the legs of the plane 
increases. 

Before I quit the subject, it may be observed that the 
equilibrium of animals may be explained upon the prin- 
ciple of the centre of gravity. When a person stands 
on one foot, and leans somewhat forward, or in the at¬ 
titude which is usually exhibited in the statues of Mer¬ 
cury, the other foot is elevated behind, in order to brihg 
the centre of gravity of the body, so as to be vertically 
over some part of the foot on which he stands. When 
we rise from our seat, we generally bend forwards and 
draw our feet inwards, in order to bring the point of 
support into, or near, the vertical line, p^smgothrough 
the ceutre of gravity. For the same reason a man, car¬ 
rying a burden on his back, leans forward, and backward 
if the weight is to be carried on his breast. If the load 
be placed on one shoulder, he leans to the other. When 
we slip or stumble with one foot, we naturally extend 
the opposite arm, making the same use of it as the rope- 
dancer doe9 of his pole. 

The rolling candlestick, fig. 23, keeps the candle al¬ 
ways upright, though put down in any position, or even 
rolled on* he floor, for a weight, a, beneath the caudle, 
and Jower than the two centres of suspension, cc dd, 
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will keep the candle perpendicular, the tendency of the 
centre of gravity being always to fall beneath the centie 
of suspension. The circle dcd c, hangs on two points, 
dd; and the inner circle, on which is fixed the light and 
weight, hangs on that circle by the pivots c c, at light 
angles to the pivots d arid d, In fixing the mariner’s 
compass, to prevent any deviation by the motion of the 
ship, these circles are called gimbals, and the compass 
being hung on the inner circle, is always kept horizontal, 
let the vessel roll as it will, and, of course, the magnetic 
needle, can traverse as freely as if its point of suspen¬ 
sion were fixed on the shore. 

The knowledge of the centre of gravity will enable 
you to explain the principle and structure of many toys 
pbt into the hands of children, as the tumbler, the rope- 
dancer, balancer, &c. In all cases, remembr, the cen¬ 
tre of gravity tends to the centre of the earth, and will 
never be at rest, if left freely to itself, till it gets to the 
nearest point possible to it. 
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Of the mechanical Powers—Momentum defined and explained— 

„ Experiments—Mechanical Powers enumerated—The Principle of 
the Lever explained—Construction of the Steelyard—Uses of a 
Lover of the first kind—What domestic Instruments to be refer¬ 
red to a Lever of the second kind—What things are explained 
*by a Lever of the third kind—The Hammer Lever. 

1 shall now proceed to explain and illustrate the 
nature and use of the mechanical powers, one of the 
great objects of which is the removal of great weights, 
that is, in other words, overcoming the force of gravity. 
In this letter I shall have occasion to use the word mo¬ 
mentum, or moving force of a body, which is mea¬ 
sured by the weight of the body multiplied into its ve¬ 
locity. You may place, without ‘ any risk, a weight of 
six or seven pounds, for instance, on a china $»late ; but 
if you let the same weight, or one muchness, fall from 
your hand, though only an inch or two, it will dash it 
to pieces. The china, in the one case, has only the 
weight to sustain, in the other it has the moving force, 
or momentum, to resist, that is, the velocity multiplied 
into the weight is to be considered as the force. 

Experiment i. If a Roller or ball,,4s 24. 

plate n.) lean against the small block of wood b , they will 
both remain at rest, but if a be carried up the inclined 
plane A r, and suffered to roll down against tfie block, it 
will be overset. Here again you perceive the difference be- 

D 
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tween weight and momenta n, and you must not forget 
that the momentum j s estimated by the quantity'bf mat¬ 
ter multiplied into its quantity of motion ; of course, by 
increasing the velocity you increase the momentum of a 
moving body. Hence, 

Ex. ii. Cannon balls,.will do much more mischief 
than the battering rams of ancient times: suppose th r 
weight of a ram to be 20,000 pounds, and to move at 
the rate of 1 foot in a second; and the weight of a can¬ 
non ball to be 24 pounds, and to move at the rate of 
1000 feet in a second then the momentum, or moving 
force of the ram, will be 20,000 x 1 =20,000, and that 
of the cannon ball will be 24X1,000=24,000; of 
course the effect of the latter will be £ih greater than 
tb*t of the former. Thus you see a small body may 
have a greater momentum than a large one, provided 
the velocity of the small one be made to compensate for 
the greater quantity of matter in the other. 

There are reckoned seven mechanical powers, viz. the 
LeverWhefi and Axis; Wheel and Pinion; Pul¬ 
ley ; Inclined Plane; Wedge , and Screw. By these 
simple instruments man is enabled to raise great weights, 
and to overcome such resistances as would baffle his na¬ 
tural strength; and from the combination of some or all 
of them, compound machines of every kind are formed. 
Indeed the most Complex machinery may, in some way 

or other, be resolved into the simple mechanical powers. 

* • 

The lever is the most simple of all the mechanic 
powers; it may be made of any shape, and of any strong 
substance, as wood or iron. There are three varieties of 
the lever: the first is represented by figure 23, plate n. 
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which shows its operation in moving a heavy weight A. 
The support, b, is called the fulcrum, or centre of mo* 
tion, because the bar c e, is supported by it and turns 
upon it. Power is gained by a lever of this kind, in pro¬ 
portion as the arm c b is longer than the arm B e. If the 
two arms were equal, no advantage would be gained, 
but if c b be 4 times, 10 times, &c. longer than b c, 
then a person at c would be able to move 4 times, or 
10 times more than he could with his natural strength. 
It is then, as you observe in the figure, tfie principle of 
this species of lever, to have the weight at one end, the 
power at the other, and the fulcrum between the tw’o.**' 
Experiment i. The beam of a pair of common 
scales is a lever of the first kind, with equal arms; in 
this case no advantage is gained or required. If 4wo 
bodies, f and o, fig. 26, of equal weight, be suspended 
at equal distances from the fulcrum, the centre of gra¬ 
vity e, will rest beneath the point of suspension s, 
because the weights and distances being equal, the mov¬ 
ing forces must be equal, and neither yid bay prepon¬ 
derate ; but if the scale f be moved to k, the centre of 
gravity E, moves towards 6, and falls beyond the point 
of suspension, and becomes unsupported; of pourse 
the end of thfe beam c, descends, because the centre of 
gravity is always impelled towards the liny of suspen¬ 
sion. This shews that a smaller weight than o would 
balance f, when brought into the position k ; and on 
this principle the steel-yard acts, for if the longer arm 
were equal to six or eight times the length of the shorter, 
then a body, suspended from c, would balance six or 
eight times its weight suspended from K. 

d 2 
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Ill all cases of the lever, to obtain an equilibrium be¬ 
tween the weight and the power, the momentum of the 
weight must be equal to the momentum of the power. 

The velocity of a body is measured by the space 
passed over in a given time. In fig. 27, the arm b c is 
four times the length of a 9 ; therefore, in moving from 
the position a b to that of a b , the point b will move 
over the space n 5, and the point a will move over the 
space A a ; but b b is four times greater than a a ; 
therefore, the velocities being as the spaces passed over 
in the same time, the velocity of b will be four times 
greater than that of a : of course if w weighs 1 2 pounds, 
a power, p, of a pound, will balance it, because the mo¬ 
mentum w = 12x 1, and that of the power pr3x4. 
H$*e you must observe, that what is gained in power is 
lost in space, that is, if I would gain a power of 6, 
or, by means of a lever, move a weight six times heavier 
than I can by my natural strength, then, to raise the 
weight one inch or one foot, my hand must pass over 

six inches o* six feet. This is what writers os the sub- 
*■ 

ject mean when they say “ that what we gain in power 
we lose in time,” because supposing, in both cases, the 
velocity to be the same, then as much more time is oc¬ 
cupied in performing a mechanical operation as there is 
power gained. If, for instance, I can raise four score 
pounds to a certain height in one minute, and I want to 
raise four hundred pounds to the same height by means 
of machinery, as the lever, 1 shall require five minutes 
to accomplish it iu, so that I might, in truth, if the 400 
pounds could have been divided into five parts, have done 
the same hi an equfl portion of time, by five successive 
manual exertions. But \o return to the steel-yard. 
















































OP LEVERS OF DIFFERENT KINDS. 5.‘S 

A C. (fig. 28, plate in.) the short arm and scale, 
(sometimes a hook is used instead of a scale) is made to 
balance the longer one b c, which is divided into parts 
cl; 1, 2 ; 2, 3, &c., each equal to a c ; and by this 
contrivance, a single pound, p, will weigh any number 
of pounds of meat, &c., in the scale s, as the long arm 
extends to; thus, if the balance be in equilibro in the 
position of the figure, the substance in the scale will 
weigh three pounds ; if, when the weigjit is pushed on 
to 4, 5, 6, &c., there is an equilibrium, then the sub¬ 
stance will be found to weigh 4, 5, 6 pounds, &c. JTt, 
will be evident, on a little reflection, that the points in 
the long arm of the lever, marked 2, 3, 4, 5, &c., will 
move over twice, thrice, four times, &c, as much space 
as the point a in the short arm. 

By dividing the spaces in the long arm into halves, 
quarters, and sixteenths, which is easily done, the steel¬ 
yard will serve for weighing any commodities with ac¬ 
curacy, to half-pounds, quarters, and ounces. 

You will observe that, in all cases <Jf the fever, the 
parts will remain in equilibrio, when the weight, or re¬ 
sistance, at one end, multiplied into the length of the 
arm to which it is attached, is equal to the power* mul¬ 
tiplied into the other. 

A poker, in the act of stirring the^fire, if a lever of 
this kind, the bar on which it rests is the fulcrum, and 
the coal to be raised, forms the resistance, or weight, 
and the hand the power. Put the poker into the fire, 
a small part only goe9 into the grate, and there it will, 
perhaps, rest, or remain in equilibrio, because the 
weight of the coal, against the short end, balances the 
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weight of that part of the poker which is on the other 
side of the brr; and a small force, at the bright end of 
the poker, will easily raise the tire. 

To this kind of lever are to be referred a pair of 
scissars, which is made up of two levers acting against 
one another, and the pin, which keeps the parts together, 
is the fulcrum or centre of motion, round which they 
move in the act of opening and shutting: the same may 
be said of snuffers, pincers, Sec. 

As a mechanical power, the lever of the first kind is 
chiefly used for loosening large stones; or for raising 
greht weights to small heights in order to get ropes 
under them. 

The lever of the second kind, fig. <29, is when the 
weight w, is between the fulcrum and the power. The 
common application of this lever, is when a large block 
of stone is to be forced forwards with an iron crow, 
the point of the instrument is stuck in the ground, which 
becomes the fulcrum ; the other end, that is acted upon, 
is the power, that is, the strength of men; and the stone 
te be moved is the resistance or weight. 

By referring to the figure, you w ill at once see that 
power or advantage is gained in proportion as the dis¬ 
tance of the power p, is greater than the distance of 
the weight w, from the fulcrum. In the present in¬ 
stance, the advantage gained is as five to one, because 
the point' b, passes over five times as much space as the 
point A, that is, the hand will move with the velocity 5, 
but the weight w ith the velocity 1. 

Look round your room and consider what those things 
are that may be referred to levers of the second kind. 
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Every door acts as a lever, the hinges are the centres of 
motion, or fulcrum, the whole door is th£ weight, and 
the hand applied to the lock, or latch, is the power. 
Fix a temporary handle, as a gimblet, within two or 
three inches of that side near the hinges, and you will 
feel how much less easy ypu can move the door than 
wheif you attempt the same by the proper handle. If 
you wish to turn round the couch, you lay hold of one 
end, while the other remains nearly in its original po¬ 
sition, the latter is the fulcrum, the coucli is the weight, 
and the power is applied to the other end. Many per¬ 
sons who work in wood, as coopers and paUen-maJtgf^ 
use cutting knives, fixed at one end, which end is the 

if 

fulcrum, or centre of motion, the wood to be cut the 
resistance, and the hand the power. Common chaff- 
cutters act on this principle; so do nut-crackers, and 
the rudders of ships. In a rudder the water is the ful¬ 
crum, the vessel the weight, or resistance, nod the hand 
the power. Masts of ships are levers of this kind, the 
bottom of the vessel in which they are # tix£d js the ful¬ 
crum, the ship the weight, and the wind, acting against 
the sail, is the moving power. 

Two men carrying a barrel, or other weight, njay, by 
this principle, place the barrel at such a point on the 
pole, as to adapt it to the strength of each man, sup¬ 
posing one to be much yeaker than the other. Here 
the strongest man must be considered the fulcrum. 

A lever of the third kind has the fulcrum c, fig. 30, 
at one end, the weight w, at the other, and the power 
p, somewhere between the prop and the height. You 
will easily perceive that the weight* being farther from 
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the centre of motion than the power, must pass through 
more space *han that; of course the power must be 
greater than the weight, and as much greater as the dis¬ 
tance of the weight from the prop exceeds the distance 
of the power from it: in the present case, a weight, w, 
of 3 pounds, hanging at a* would require the exertion 
of a force at b equal to 5 pounds. Here the Weight, 
in rising and falling, goes through a larger space, and 
has a greater velocity than the power, and, therefore, no 
mechanical advantage is gained by this kind of lever, and 
it is very rarely used : wool-shears, acting by pressure in 
tne middle, is a lever of this description. A ladder fixed 
against a wall at one end, and raised by the strength of 
a man’s arms into a perpendicular situation, is by the ap¬ 
plication of the principle of a lever of this kind. But 
the limbs of the animal creation, particularly of man, 
give the most evident illustration of this principle. When 
I extend my arm to raise a weight from the ground, or 
table, the operation is effected by means of muscles 
coming fcom tl^e shoulder blade, and terminating about 
one tenth as far below the elbow as the hand is: see 
fig- 31. The elbow, d, is the centre of motion, round 
which the arm moves; therefore, according to the prin¬ 
ciple laid down, the muscles must exert a force ten times 
as great as the weight raised. In general the bones are 
levers, the joints of them the fulcra, and the muscles the 
power which gives motion to the whole. At first view 
this may appear a disadvantage, but what is lost in power 
is gained in velocity, and thus the human figure is better 
adapted to the various functions which it has to perform. 

Some writers have described a fourth kind of lever, 
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of which a hammer, in the act of drawing a nail, is a 
fit representation, and which does not differ from a le¬ 
ver of the first species, but in the form. 

Experiment. Let a c b, fig. 32, represent a liver 
of this kind, bended at c, which is a fulcrum ; p is the 
power, acting upon the longer arm a c, by means of 
the cord a d, going over thfi pulley d ; and the weight, 
w, acts upon the shorter arm c b. a c is five.times as 
long as c b, and will, with a power p, of 1 pound, ba¬ 
lance a force of 5 pounds at b. Now* if A c be sup¬ 
posed the handle of a common hammer, b the drawing 
part, and x the point resting on the bench, &c„ jfrgfr 
five times less force would be required to draw a nail in 
this way, than would be necessary to effect the same by 
means of an upright pull of a pair of pincers. 



58 


LETTER VIII. 

Hie Wheel and Axis described, and its Principle explained—Its va¬ 
rieties and uses illustrated^-Wheel and Pinion -The different 
kinds of Cranes described—The Principle of the Pulley ex¬ 
plained. 

Ha vino considered at large the different kinds of 
levers, I shall proceed with the other mechanical pow- 
.beginning with the wheel and axis, which, in many 
books, is called the “ afcis in peritrochio/’ and which gains 
power in proportion as the circumference of the wheel is 
greater than the circumference of the axis: see fig. 33-d. 
The wheel and axis may be referred to the principle of 
the lever, as is evident by fig. 39, in which a b repre¬ 
sents the wheel, c its axis, and if the circumference of 
the wheel be twice as large as that of the axis, then a 
single pound at p will balance 2 pounds at w. For the 
circumferences of wheels bear the same proportion to 
one another that the radii have. As a lever, c, may be 
considered the fulcrum, or centre of motion, and b c, 

a 

the radius of the wheel, is the longer arm of the lever; 
a c the radius of the axis, is the shorter arm, and then, 
by what you have seen, there will be an equilibrium 
when the pouter p, multiplied iuto b c, is equal to the 
weight w, multiplied into a c. The advantage gained 
is lost in the time, or in the space moved through; for 
while p descends through two feet or inches, W will as¬ 
cend only one foot or one inch. The wheel may bear 
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almost any proportion compared with the axis, provided 
the latter is not made too small to sustain the weight, 
nor the former too large to he manageable; and power 
is gained either by diminishing the diameter of the axis, 
or increasing that of the wheel. In most instances, in¬ 
stead of a large wheel a b, fig. 34, a handle or winch 
is used at < 3 , which, by its circular motion, answers the 
purpose of a wheel. This is the case in winding op a 
jack, and in raising water from a deep well. Some¬ 
times long spokes are used, as s s, in tiff. 35, where one, 
two, or more men may apply their force at the points 
to turn the axis. 

Cranes for raising goods out of, or into ships, ware¬ 
houses, &c., are formed on the principle of the wheel 
and axis, but, as you may not immediately see the jpode 
of estimating the power, I wilt go through two or three 
examples, which relate to the erane, capstan, &c. 

The large circular crane, in which one, or two, or 
more men walk, is rather an unwieldy machine, but is 
still used at many wharfs, where much power is not re¬ 
quired; fig. 37, is a section of it, an<f the position of 
the figure at m shews to what part the man, or men, 
can climb, so that the line c z , is the long end of the 
lever, and djz the short end, and advantage is ga'ined in 
proportion as c z is longer than d z, which is seldom 
more than two or three to one. Upon this principle you 
have seen at the doors Of wire-workers, cages, with a 
bird, or a squirrel, within side, turning round the wheel 
by its own weight; and, if a small weight were sus¬ 
pended. to the axis of the cage, the bird, by its motion 
would draw it up, for, as it hops from the bottom bar 
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to the next, its momentum causes that to descend, and 

thus continues its motion. 

« i 

The capstan, A b, fig. 36, has its axis a , beneath 
the surface of the ground, turning in strong fixed tim¬ 
bers. Handspikes are put into the holes, as s, and these 
are turned by men or horses, which, by walking round, 
coil the rope and raise the weight w. If each hand¬ 
spike be 6 times longer than the radius of the windlass, 
and if there be 4 of these spikes against which men act, 
the power gained will be 6x4=24, or four men will 
be able to raise 24 times as much weight by this ma¬ 
chine as one man could do by his unassisted strength. 

The third mechanical power is the pinion and toothed 
wheel. 

It consists of two wheels of very unequal size, cut 
or notched all round into teeth; the number is imma¬ 
terial provided they fit into each other, to do which the 
teeth in the small wheel must be to those in the great 
one as the diameter of the former to that of the latter. 

The smalj wheel is generally called a pinion, and its 
teeth, leases. 

To calculate the advantage gained by the wheel and 
pinion, divide the number of the teeth in the wheel by 
the nitiuber of leaves in the pinion, the quotient will be 
the answer. For example let there be 63 teeth in the 

wheel, and 7 leaves in the pinion, then —=9 equal to the 

7 

power gained. 

The wheel and pinion is applied to a great variety of 
purposes, sometimes for gaining power, but more fre¬ 
quently for gaining velocity. The crane, which I will 
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describe presently, is an instance of the former appli¬ 
cation.® Mill and clock work afford numerous instances 
of the latter. 

Sometimes wheels without teeth are made to act upon 
each other by means of strings, or straps passed round 
them, as in turning-lathes, mills, and planetaria. Seldom 
with a view of gaining power, as that would be imprac¬ 
ticable on account of the liability of the rope to slip, 
though frequently for the purpose of obtaining a very 
rapid or exceeding slow motion. 

The crane just now alluded to is represented in fig. 
36, plate hi. It is much used at the water side^pe^ 
is moveable on a post p, fixed in the ground. The 
bale of goods b, is caught by the hook $, the rope pas¬ 
ses over the pulley r, and is coiled round the axis o % as 
the wheel is turned. This large wheel is turned round 
by means of the teeth catching into the teeth of the 
pinion d, and the handle k . If the handle h , be three 
times as long as the radius of the pinion, then, by the 
principle of the lever, it will gain power as three to one. 
But the radius of the wheel is twice as farge as that of 
the axis round which the rope is coiled, which gives ano¬ 
ther advantage of two to one. So that, by these powers 
combined, the advantage gained is 6 to 1, or I man 
would be able to raise six times as much weight, by a 
crane of this description, as he could with h*s unassisted 
strength. The pulley r serves only to change the direc¬ 
tion of the draught, that is, by means of the pulley the 
weight may be raised to the height required by a person 
standing on the same level with it; and, as the whole is 
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moveable on the post p, the package may be easily 
drawn from, or lowered down on either side oil which 
the vessel may happen to be placed. 

The fourth mechanical power is the pulley; this is 
formed of wood or metal, with a groove in its circum¬ 
ference, which is placed in a frame of wood, and turns 
on its axis. The principle of the pulley may be illus¬ 
trated by that of the lever, a u, fig. 39, plate iv. may 
be conceived to be a lever, the arms of which, a c, 
b c, being eqiwl; and c is the fulcrum or centre of mo¬ 
tion. If the weights w and p, be hung on the cord 
-pegging over the pulley, tbey will balance one another, 
and the fulcrum will sustain them both. Here then no 
advantage is gained, but, as we have seen, it is useful in 
changing the direction of a draught, and is much used 
in drawing up small weights to the tops of high build¬ 
ings, it being easier for a mau to raise such burdens by 
means of a single pulley, than to carry them up a high 
ladder. 

The polley becomes a mechanical power when it is 
moveabte, as fig. 40, or when it is combined into a sys¬ 
tem, as fig. 41* 

In the pulley cob, fig. 40, c may be regarded as the 
fulcrum, and, by the principle of the lev$r, c A is the 
shorter arm, and c b the longer; and c b being double 
c A, a power, p, of 1, acting at the end of the longer 
lever, will sustain a weight, T v, of 2, acting at a. The 
subject may be considered in a different way: the whole 
weight w, is sustained by the cord bop, one half of 
which is sustained by the hook e, consequently the power 
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lias only the other half to sustain, or, generally, any given 
powerfat p will keep in equilibrio double weight at w. 
You will observe the velocity of the power P, will be 
double that of the weight w, for in raising the latter 
oue inch, or foot, both sides of the cord must be short¬ 
ened one inch, or one foot; of course the hand, p, 
must move through two inches, or two feet. Hence, 
and with a view of figure 41, you will easily pelrceive 
that, in a system of pulleys, the power gained must be 
estimated by doubling the number of^pulleys in the 
lower block. So that when the fixed block x, contains 
two pulleys which merely turn on their axes, and the^ 
lower block Y, contains also two, which not onlj^tSm 
on their axes, but also rise with the weight, the advantage 
gained is as 4 : 1. 

The modes of arranging pul lies are very various,*ihe 
following are among Hie most common: fig. 4€ is an 
arrangement of pulties hi ship’s tackles, with a force of 
six to one. Fig. 43 is an arrangement of pullies in a 
vertical line, with a force of six to one. And fig. 44 is 
a system of pullies, fixed on one axis »in "each block, 
having a power of 10 to I: this last was invented by 
Mr. James White, who obtained an exclusive right of 
manufacturing it by letters patent. 

In general the advantage gained by pullies may al¬ 
ways be estimated from the consideration that every part 
of the same thread must be equally gtretched; and, 
where there is only one thread, the weight will be 
equally divided among all the portions which help to sup¬ 
port the moveable block, each of them bearing a weight 
equivalent to the force which is applied *at the end of 
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the thread. In the common ships’ blocks, fig. 42, the 
pullies are equal in magnitude, and placed side b j side ; 
they must not exceed two or three in a block, because 
they are apt to produce an obliquity, or twist, when the 
force is applied to the rope. 

Considerable allowance must, in the use of pullies, 
be made for the friction of the cords, and of the pivots 
on which the pullies turn. Three things occasion much 
inconvenience in the use of pullies, as a mechanical 
pow'er. First, the diameters of the axes bear a great 
proportion to their own diameters. Secondly, in work¬ 
ing, they are apt to rub against one another, or against 
thv :’:de of the block. Thirdly, the chief disadvantage 
is the stiffness of the rope, that goes over and under 
them. The first two objections are mostly obviated by 
Mr. White’s pulley, fig. 44; b is a solid block of brass, 
with grooves cut in it, in the proportion of 1,3, 5, 7, 
&c., and a is another block of the same kind, whose 
grooves are in the proportion of 2, 4, 6, 8, &c., and 
round these grooves a cord is passed, by which means 
they answer the purpose of so many distinct pulleys. 
But Mr. White’s pulley, though ingenious in theory, is 
not found to answer in practice. The exact proportion 
between the grooves, however nicely adjusted by the 
maker, is soon destroyed by unequal wear, which occa¬ 
sions the rooe to drag. This can never happen in the 
common system, where every nulley turns on its own axis. 
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Of the inclined Plane, its Principfe and Uses—What Instruments 
referred to it—Of the Wedge, its Principle and Uses—*Of the 
Screw, its Principle and Uses. 


The inclined plane is the fifth mechaflical power, of 
which fig. 45 is a representation, and the advantage 
gained is estimated by considering the length ofi*3he 
plane n c, compared with its height a c. If b c be 
3, and a c— 1, then the advantage is as three to one; in 
other words, a cylinder B, of stone, &c. might be dratvn 
up the plane with one third part of the strength that 
must be exerted in lifting it up at the end. Here again 
we revert to the general axiom, that wbat is gained in 
power is lost in time, or in the space passed over. For 
the length of the plane is three times as |reat as its per- 
pendicular height. 

The inclined plane is chiefly used for raising heavy 
weights to small heights; thus we frequently see a plank, 
or planks, laid down in a sloping direction, which act as 
an inclined plane, and upon this casks may j>e rolled, or 
wheel-barrows driven, which are heavily loaded. 

The force with which a* body de$cen<fs upon an in¬ 
clined plane, is to the force by which it would descend 
perpendicularly in free space, as the height of the plane 
is to its length. 

Experiment. Let two marbles drop out of your 
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hand at the same instant, the one may roll down an in¬ 
clined plane, and the other fall perpendicularly in free 
space; the times of descent, if the plane be long, will be 
very manifest. This subject may be thus illustrated: 

1 . If the plane a b, fig. 46, be parallel to the hori¬ 
zon, a marble, or a cylindrical body, c, will be at rest 
on any part of it where it is laid. But if the plane be 
placed perpendicularly, as a b, fig. 47, the cylinder will 
descend with its whole weight, and would require a 
power equal to its weight to keep it from descending. 
And if the plane be inclined to the horizon, as A o, fig. 
* 4?, and be four times the length of the perpendicular 
D B, the cylinder, or marble, will be supported by a 
power equal to a fourth part of its weight. 

< The velocity with which a body falls must be esti¬ 
mated by the force acting upon it. Therefore, if an 
inclined plane he 32 feet long, and its perpendicular 
height be a marble, or cylinder, will, by the 

force of gravity, fall through the 16 feet in one second; 
but in descending along the plane, it will occupy 2 se¬ 
conds. Again, if the plane were 64 feet in perpendi¬ 
cular height, and three times 64, or 192 feet, in length; 
then in free space it would, by the action of gravity, fall 
in 2 seconds, but on the plane it would be S times 2, or 
6 seconds. 

« 

Hence, as I have before observed, the advantage 
gained by thif mechanical power is in proportion as the 
length of the plane exceeds the perpendicular height: 
thus, if the plane be 12 feet long, and the height be 4 
feet, a cask weighing 3 hundred weight would be ba¬ 
lanced uppn it by 1 hundred weight, because the plane 



THF. WEDGE. 


67 


l 

three times the length of the perpendicular height to 
which the weight is to be raised. 

To the iuclined plane may be reduced hatchets, chi¬ 
sels, and other edged tools, which are sloped only on 
one side. 

The wedge is the next mechanical power, which is 
made up of the two inclined planes, joined together at 
their bases: thus, fig. 49, dgf and c E f are the two 
inclined planes, united at their bases cefg; d c is the 
whole thickness of the wedge at its back Iidcd, where 
the power is applied ; d f and c F are the length of the 
sides. There will be an equilibrium between the p^er" 
impelling the wedge downwards, and the resistance of 
the substance acting against its sides, when the thickness 
d c of the wedge is to the length of the ISvo sides as«the 
power is to the resistance. 

The wedge is used for cleaving wood, stone, &C», and 
when the wood cleaves at a distance before the w’edge, 
the advantage is to be estimated by the proportion of 
the two sides of the cleft to the length of the back, or, 
which is the same thing, as one side of the cleft to half 
the length of the back. 

The wedge ia Usually made of iron when used for 
splitting woocl or rocks; but if it is made use of for 
raising great weights it is frequently ma^e of w'ood. 
The force given to a wed^e of any kind is generally ap¬ 
plied by a stroke, and not by dead pressure; for a sharp 
blow with a small hammer will overcome more resist¬ 
ance than a large weight. And a blow from a sledge 
hammer, used by blacksmiths, will, in clewing wood or 
stone, overcome more resistance than the pressure of 
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several tons weight; because, as we have seen before, 
there is no mode of instituting a comparison between 
the force of momentum and of a dead weight. All in¬ 
struments which slope off to an edge on both sides, sucli 
as axes and chisels, are to be referred to the principle 
of the wedge. 

The screw is the last of the mechanical powers, which, 
though a simple power in itself, cannot be used without 
the assistance of one of the others, as a lever or winch, 
by which it bdcomes a compound engine of great power. 
The screw is a spiral* thread or groove cut round a 
cylinder; when the spiral is formed upon a cylinder, it 
is called a male screw; but when it is cut in the inner 
.surface of a hollow cylinder, it is called a female screw 
If f the spiral thread were unfolded it would form an in 
dined plane; the length of which would be to its height 
as the circumference of the cylinder is to the distance 
between the threads. You may try the thing for your 
self; cut a piece of wilting paper in the shape of a tri¬ 
angle, fig. 50, and wrap it about a cylinder a b, as your 
round ruler, and you will find it makes a spiral, answer¬ 
ing to the spiral part of the screw. Suppose the cir¬ 
cumference of the rule to be three Mbes, and you find 
the distance of the threads to be haw an inch from one 
another, then, in a screw of this kind, the power gained 
will be as six to one, which is evident from the principle 
explained in the inclined plane. The height raised is 
* 

* The thread of a screw, properly peaking, is a helix, a spiral is 
a carve capable of being described on a plane. (See fig. 7, miscel¬ 
laneous plate if.) A helix cannot be so described; the comraou 
corkscrew is a helix. 
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half an. inch; but to obtain this ascent the power must 
move the whole circumference of the cylinder, which is 
three inches, or six half inches; therefore, the space 
passed over by the power, being 6, and that passed by 
the weight being only 1, the power gained is as six to 
one. 

An instrument has been contrived to shew the equi¬ 
librium obtained in the action of the screw, abc, fig- 
51, is a thin wedge of pasteboard, or other elastic sub¬ 
stance, the height of which is one fifth of the length, 
and being rolled round the cylinder D c, makes a screw, 
by means of which the weight e of 1 ounce, will sustain 
a weight f, of 5 ounces. 

It is obvious then, that the smaller the distance be¬ 
tween the threads of the screw, the greater will be the 
power of this machine: if, for instance, the distance be¬ 
tween them were the ^rd or the |tli of an inch instead 
of J-, then the power gained, where the cylinder was 
three inches in circumference, would be in the one case 
as 9 to 1, and in the other as 12 to 1, because ttyere are 
9 thirds, and 12 fourths in 3 inches. 

I have told you that the screw is usually acted upon 
with a lever or winch; I will explain a case with the 
lever. If the*threads on a cylinder, a b, plate v. fig. 
52, be made a quarter of an inch apart, an^ the nut D, 
be turned with a lever c, 30 inches long; then the cir¬ 
cumference of the circle, made by the power, will be, in 
round numbers, 180 inches,* which, divided by gives 

* The diameter of the circle will be 60 inches, and this multiplied 
by 3.16 gives the circumference ; but, to avoid decimals, 1 multi¬ 
plied it by 3. 



70 


MECHANICS. 


720* for the power gained. Several men may woik at 
such a press; now, allowing the pull or pressure of each 
maq, on the lever c, to be equal to 120 pounds, and 
four such men employed, the pressure will be 720 x 
120 x 4=345600 pound. 

The screw is sometimes applied to a toothed wheel 
instead of a pinion, it is then called a perpetual, or end¬ 
less screw, from its constantly moving in one direction. 

'Since every turn of the screw throws off a tooth, the 
power gained by this combination is evidently equal to 
the number of teeth in the wheel, independent of any 
advantage derived from the winch. Thus in figure 11 of 
miscellaneous plate i., let a, the winch be 20 inches 
long; b, the screw, 2 inches in diameter ; c, the wheel 
Vvith 30 teeth; and d, the cylinder, half the diameter 
of the wheel: then the power gained will be, 15 
From the proportion of the winch to that of the 

screw, 20: 1 . 20 

From that of the screw to the wheel, 1 :30 ... . 30 

From diat of the wheel to the cylinder, 2:1 ... 2 

These numbers multiplied together give 1200 for the 
whole power gained. 

* To divide a whole number by a fraction, u multiply tbe said 

number by the denominator of the fraction, and divide by tbe nume- 

, , 180x4 

rator ; J thus 180 --} = —-—— 720. 
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General Observations on all the Mechanical Powers—of Friction— 
Friction-rollers, to what applied—Explanation of a Machine to 
illustrate all the Mechanical Powers—the principal moving powers 
described and estimated. 

Having described, in my former letters, the mecha¬ 
nical powers in the order in which they are usually ar¬ 
ranged, it may be necessary to draw your attention to 
some farther observations on ilie subject; 

1. Though the operations of all the mechanical 
powers essentially differ from one another, the principles 
are reducible to the lever, or the inclined plane. The 
wheel and axle, and pulley, belong to the lever; and 
the wedge and the screw to the latter. 

2. In all kinds of equilibrium that we have consi¬ 
dered, it must be evident, with a very little reflection, 
that the forces, or weights, opposed to each other, are 
so arranged, that if they are put in motion their mo¬ 
menta iu the direction of gravity would be equal and 
contrary, the velocity being as much greater as the mag¬ 
nitude of the weight or force is smaller. If an ounce 
weight, placed on a lever, at the distance of 20 inches 
from the fulcrum, counterpoise a weight of four ounces 
at the distance of 5 inches, the velocity with which the 
ounce would descend, if the lever were moved, would 
be four times as great as that with which the Weight of 
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four ounces would ascend. A single moveable* pulley 
ascends with half the velocity of the end of the rope 
which is drawn upwards, and acts with a force twice as 
great; a block of two shieves enables a weight to sustain 
another four times as great; but the velocity with which 
this weight ascends, is only one fourth of that with which 
the smaller weight must descend. When a weight rests 
on an inclined plane, of which the height is one third of 
the length, it may be retained by the action of a weight 
of one third its weight, drawing it up the plane by 
means of a thread passing over a pulley; iu this case 
the velocity of the larger weight would be one third as 
great as that of the smaller. 

S. In all the mechanical powers, one fourth, some> 
times one third, of the advantage gained must be allowed 
for friction; thus, if by a combination of pullies, the 
power gained be as 120 to 1, in order to put them in 
motion we must not calculate upon more than 80 to 1. 

Friction is the resistance that a moving body meets 
with frqm thq surface over which it passes; it is of two 
kinds, the rubbing by friction, and the friction by con¬ 
tact. The former is represented by a locked waggon 
whe^el going down a hill, the second by the wheel 
touching the ground in its usual motion." The force of 
friction varies in proportion to the different surfaces in 
contact; thus, a marble passing on a smooth pavement 
suffers less from friction than it would from gravel, and 
it would be impeded in its motion still less if it were 
driven over ice. But the hardest and most polished 
bodies are not wholly free from inequalities that retard 
their motion wben they act upon one another. The smallest 
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impediment from friction is, when finely polished iron is 
made to rub on bell-metal, but even these are said to 
lose about one eighth of their moving power. 

The friction between rolling bodies it* much less than 
in those that drag; hence, in certain kinds of wheel- 
work, the axle is made to move on small wheels, or 
rollers:, in the inner circumference of the nave. These 
are denominated friction-rollers, and are so placed to¬ 
gether in a box, and fastened in the pave, that the axle of 
the carriage may rest upon them, and they turn round 
their own centres as the wheel continues itir motion. 
Fig. 53, represents the section of the axle, € c the gave, 
and b b the friction-rollers, which turn round their oww 
axis as the wheel revolves round the axle A of die car¬ 
riage. Friction-rollers do not answer in very heavy i»v 
chines, as the pressure is apt to wear die naves into* 
notches, but in light and rapid motions they are ex¬ 
tremely useful. Larger metal balls, on the same prin¬ 
ciple, were made use of iu moving the immense block 
of stone from the country to the graud square*of^St. Pe¬ 
ters burgh, see fig. 54. They may also be used with great 
effect in turning heavy bodies, as the top of a windmill, 
or the dome of an observatory, or such creates as have 
been represented in fig. .36. Bridges over canals have 
been placed on this kind of rollers, or wheejs, iu order 
to be turned out of the way of boats that may be fades 
with light goods, and to a great height. * Fried on-roL 
lore are sometimes used with pullies, as fig. 55 ; if the 
axle a be touched only by the friction-rovers, an d, the 
pulley p turn on the outside, three men are. supposed'to 
be able to do the work of five k* the common wey. 
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I will now, give you an illustration of several^ of the 
mechanic powers, in one machine, with the figure of 
a common crane, taken chiefly from Mr. Adam Walker's 
“System of familiar philosophy." a, fig. 50, is the 
crank handle, which is five times as far from the centre 
of the pinion b as the teeth of the pinion are; hence a 
power of 5 is gained by the handle, according to the 
principle of the lever. The wheel y is twenty times the 
diameter of its axis c, round which the rope is coiled, 
and the power gained is 20: therefore, the power gained 
by the wheel and. axis, and handle, is equal to 5 x 20= 
300 v The rope passes from the axis over the pulley e, 
which changes its direction, and carries it to the system 
of pullies, which is made according to Mr. White’s pa- 
tqpt, with four grooves in the lower block; this, as you 
know, gives a power of 8, therefore the advantage 
gained is 100 x 8 or 800, that is, a child who could 
exert its force at a, equal to 1 pound only, would be 
able to balance the weight w, of 800 pounds. But he 
could not put it in mudon, because the friction of the 
parts, and the imperfection of the. structure, would di¬ 
minish it at least onethird, or 250 pounds ; and, there¬ 
fore, in a cTane of this. kind, we must not rely upon a 
higher power than 4 or 500; hut if a mkn, at ordinary 
work, can exert a force so as to lift 30 or 40 pounds, he 
would be able, by such a machine, and with as much 
ease to himftelf, to Jife 400 time$as much. But then he 
Would lose in time wbat be gained in power** for the 
weight w, w|ppld ascend 800 times slower th^the mo¬ 
tion of the band at a. Hence,, in all machm^^ what¬ 
ever, what is gained, in power is lpst in time. 
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Ex* jmple. If a man can raise, with a single fixed 
pulley, by which lie gains no advantage, a certain plank, 
or stone, in one minute, he will raise eight such in eight 
minutes, but with a tackle, having four pullies in the 
lower block, he will raise the eight with the same ease 
at once; but he will be eight times as long about it, be¬ 
cause his hand will have eight times as much space to 
pass over. The great advantage, then, in the mechanical 
powers is, that if the six planks, or stones, were in one 
piece, it might be raised by a tackle, though it would be 
impossible to move it by the unassisted strength of a 
single man. Another advantage is, that by machitfbs we 
can give a more convenient direction to the moving 
power, and apply its action at a distance from the body 
to be moved. I will now give a brief account of t2e 
principal moving powers, and conclude this letter. 

The principal moving powers are—1. The strength 
of animals, as that of men, horses, and oxen; and it is 
ascertained that a man, of ordinary strength, is reckoned 
capable of doing about the fifth part as much work as a 
good horse. 

2. The force of running waters and of wind, which 
are advantageous movers of water-engines, pumps, mills, 
&c. Running water, in which the strflhm is pretty con¬ 
stant, is preferable to wind as a moving power, on ac¬ 
count of its uniformity. 

3. The force of steam, which is thfc most powerful of 
all agents at present known, and which may be applied 
to a thousand useful purposes, from the smallest to the 
most powerful engines. 

4. The weight of heavy bodies* The simple weight, 

p, « 
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as applied to clocks, jacks, and other machines,* is the 
power which can be readily applied as a first mover, and 
its action, depending on gravity, is most uniform; but 
as it requires to be wound up, after a certain period, it 
is mostly used for slow movements. 

£. The force, of springs. The spring, under various 
circumstances, is a very useful moving power, but, like 
4he weight, it requires to be wound up after a certain 
time, whence it is also used chiefly for alow movements. 
It differs, however, from the weight, in one remarkable 
circumstance, which is, that its action is not uniform, 
being strongest when most bent; but there are methods 
of rectifying this defect; thus, if you look into your 
watch, you will see that the chain is made to wind up 
on a conical piece of metal, which, by being larger at 
the bottom, assists the action of the spring when its 
force is weakest- 



LETTER XI. 


Bodies id Motion compared—Strength of Bodies investigated— 
Bhnes of Animals stronger by being hollow—Why Stalks of Corn, 
Quills, &c. are made hollow—Saving by the structure of bellow 
Masts—Larger Bodies more liable to accident than smaller— 
—Mechanical Powers, how proportioned—Compound Machines, 
bow examined—Powers of Wheel-work, how ascertained— 
Wheels and Pinions, how proportioned. 

MY YOUNG FRIEND, 

Before We qdit the subject of mechanics, I shall 
endeavour to shew you the application of the general 
principles of the science to practical purposes. You 
must have observed, and a reference to the several 
figures, already described, will make a stronger impres¬ 
sion on your mind, that the theory of mechanics may be 
traced to very simple laws. 

Bodies in motion may be compared either with re¬ 
spect to the quantities of matter that they contain, or the 
velocities with which they are moved. The heavier a 
body, the greater power will be required, either to give 
it motion, or to stop it when moving; an3 the swiftej: 
its motion, the greater its force. Its weight, multiplied 
into its velocity, is called the momentum; of course thfe 
momenta of moving bodies will be in proportion to their 
several weights and velocities of motion: jf m, m, re¬ 
present the momenta; w, w, the weights, or quantities 
of matter; and v, v, the velocities of two bodies; then * 
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the general theorem will be 

m : m : : vv X v : w x v 

Example. —If w=:20 : w — 10 : vz:12 and v—6, 
then 

M : m : : 240 : 60, or 

the momentum m, of the larger body, will be four times 
greater than m f the momentum of the smaller. This 
principle extends through the whole of mechanics. 
When the bodies are suspended by any machine, as the 
lever, the wheel and axis, pulley, 8cc. so as to act in 
contrary directions to one another; and if the machine 
be put in motion, and the perpendicular ascent of one 
body multiplied into its weight, be equal to the perpen¬ 
dicular descent of the other, multiplied into its weight: 
th'se bodies, whatever be their weights, will in all situa¬ 
tions balance one another; for, as the ascent of the one 
is performed in the same time as the descent of the other, 
their velocities will be as the spaces passed over, and 
the excess of weight in one body is compensated by the 
excess of vfelocjty in the other ; so that, in all cases, you 
may compute the power of a mechanical engine by find- 
irig how much swifter the power moves than the weight, 
or hew much more space it passes over in the same 
time; for so much is the power increased by the aid of 
the engine. 1 This will be obvious on an examination 
of the seveaaj figures, explanatory of the mechanical 
powers. 

The properties of the lever have been applied to the 
investigation of the strength of bodies. When the two 
arms of a fever are not in a right line, as a m, and c b, 
(fig- 57, plate vi.)* acting against one another, op the 
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fulcruigi a c; the power p, and weight w, will be in 
equilibrium, when px bc — wx a m. If, instead of 
one larger power p, there had been several smaller 
powers acting at a, b, c, d, then the common centre of 
gravity of them all must be found, and at this point, as 
at x , their force will be united; and if the power x, 
multiplied into x c, be equal to w x a M, then the 
weight and power will be in equilibrium. 

The sum of the powers being given, it is manifest 
that the farther the centre of gravhy x , if removed from 
the centre of motion c, the more effect will they have 
in balancing the weight w, or in overcoming another 
kind of resistance. Hence it was inferred, by the great 
Galileo, that the bones of’animals, containing a certain 
quantity of matter, are strouger for being hollow. 

Suppose cbf, represent the length of the bone, con¬ 
taining a given quantity of matter; and the circle chde, 
a section of it perpendicular to the length, and p a 
power applied along the length to break it; then the 
strength of the longitudinal fibres, by which th^ bone is 
preserved, may be considered as united in a, the centre 
of gravity of the circle chde, which is the common 
centre of gravity of those forces, whether the seption 
be a circle, of a section of a bone; but it is evident, 
that the distance c a, of the centre of gravity, is greater 
when the section is a hollow ring, than it would be if 
the matter of the bone w'erq compressed into the spaced 
chde, without any cavity; of course, the power with 
which, the parts adhere, and which act in a direction 
contrary to p, is greater in the same proportion. 

You will now see the reason why the stalks of corn. 
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the ie&bers of fowls, &c. are hollow; for if they were 
of the same size as they now ane, but solid, their weight 
would be too great for the purposes required. If the 
same quantity of matter now existing in them, were 
compressed into a solid form, their strength would be 
insufficient to resist the powers opposed to them. 

In many cases art has, in this respect, imitated na- 
ture. I will give you an instance, in which Mr. George 
Smart has applied the principle m constructing hollow 
masts, instead using the timber in the solid form; by 
this means, not half the wood is required to make a 
stronger mast than those in common'use. 

. The iron columns lately erected an front of the Opera- 
house are another instance of* a judicious application of 
this principle; for by being hollow, they 8re not only 
more mkgant in appearance, but much stronger titan the 
same quantity of solid metal would have been. 

It may be observed, that in similar bodies, whether in 
mere machines, or in the animal structure, the greater 
are raorp liable to accidents than the lesser, and have a 
1 m relative strength; that is, the strength does not in* 
i in the proportion of their magnitudes. A large 
ss maw likely to break m its fall than one half 
p a third the viae. A man, as experience every day 
prom, it ip much greater danger from accidents of this 
sort Jthaa a child; for it is easily demonstrated, that the 
ferae which tends < to break bodies, or to render them 
liable to dangerous accidents, increases in a greater pro¬ 
portion thsm the force which tends to keep them entire. 

Example. Suppose a b d * t and fork, (fig. 
58), to be two hemps fixed in a wall, by the eods are, 
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And its k, the one is double the length and double the 
thickness of the other. But as all solids are to one 
another as the tubes of their sides, there will be eight 
times as much matter in the large beam as there Ss to 
the smaller one, and their weights may be supposed tb 
be accumulated in the centres of gravity Over the points 
x awd t; but a* is at double the distance from the wall 
that t is, and therefore the stress upon the ends renting 
in the wall, or the power tending to break them, Will be 
8 x 3 - ) 6 times greater in the large tiPeaih than in the 
small one; that is, 8 times on account of the weight, 
and twice by the centre of gravity of the large beam being 
at double the distance of that of the smell one. 

But the forces which tend to keep the beams entire/ 
are in proportion to the circular sections A ft ft flhd 
f s k, that is, as 4 to 1, or the larger beam will be four 
times less liable to break than me small one; divide the 
16 by 4 , and still them is a proportion of 4 to 1 against 
the strength of the larger beam. 

Hence you will easily infer, that bea^s, hr any other 
bodies* may be constructed so large as to break by their 
own weight; and it is observed, that machines which 
succeed well in models, may, When executed on a .large 
scale, fall to 'pieces by their own gravity. 

in the construction of machines, we must consider 
what weight every part is # to bear, and proportion the 
strength accordingly. In levers the •strongest part mutit 
be made where the strain is greatest: thus in levers of 
the first kind, they must be strongest at the fulcrum ; in 
those of the second kind, the greatest strength tnuSt be 

e 3 
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where the weight acts upon them; and in the th jd, at 
the power. 

The axis of wheels and pullies, and the teeth of 
wheels, must likewise be made in proportion to the 
work required to be done; and the excellence of all 
kinds of machinery is to be estimated by the proportions 
being properly adapted to the work to be performed. 

To examine a compound machine, you will find the 
best method is to go to the centre of motion, and irace 
the parts onward till you arrive at the weight to be 
raised, or the power to be overcome: thus, if you wish 
to knqiw how the weight w, (fig. 5(i, plate v.) is raised, 
you would go to the winch b, which turns the small 
wheel, and this turns the larger one; this again in its 
revolution winds the rope on its axis, which you may 
trace over all the pullies to the weight. 

If you would discover the mechanical power of any 
engine, it will be sufficient to ascertain the spaces de¬ 
scribed by the power and the weight; for if the power 
passes over»6, or 8, or 12 times the space of the weight, 
then the power gained will be equal to 0, or 8, or 12. 

Where it can be conveniently done, the compound 
machine may be divided, in your mind, into the simple 
ones of which it is composed; then call the power 1, 
and find the forces, in numbers, which the first simple 
machine exercises upon the second; then again, between 
the second and th(jrd, the third and fourth, and so on: 
multiply these numbers together, and the product will 
be the force of the machine, supposing the first power 
one.—(To Kefer again to fig. 56.) 
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Supple the winch to be twice as long as the radius 
of the wheel b, then the power gained is as . . 

If there are five teeth in the wheel b, and 30 in the 
wheel y, then the little wheel will go round 6 
times while the large one revolves once, and the 

power gained is as.. 6 

If the axis be 120 times less than the wheel, the, 

power gained is as.20 

By the single pulley d, no advantage is gained ; but 
in the pulley f, the power gained is asrflouble the 

number of strings, that is, as.8 

2 x 0 x 20 x 8 = 1920 equal the power gained^ or an 
exertion of one pound or hundred weight, at the hand A, 
will balance 1920 lb. or cwt. at vv. 

Again, if you would calculate the power gainec^iii 
wheel-work, take the product of the number of teeth, in 
all the wheels that drive others, for the power; and the 
product of the teeth, in all the wheels moved by them, 
for the weight; and divide the one by the other, for the 
power gained. Or in wheel-work, there arp either two 
wheels fixed on the same axis, or one wtieel anti pinion, 
as y and b, (fig. 3fi); or a barrel that supplies the place 
of a wheel; that w heel which is acted upon as y, is 
called the leader; and the other, which gives motion as 
b, is called the follower; then take the product of the 
number of teeth in all the leaders for the weight, and 
the product of those in all*the followers for the power; 
divide by one another, and the quotient is the power 
gained. 

In all cases, the number of turns of the wheel, mul¬ 
tiplied into the number of teeth, is equal to the number 
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of tarns of the pinion into its number of teeth ; fo that 
die number of turns in the wheel and pinions will be 
reciprocally in proportion to their number of teeth. 

Example. Suppose the number of teeth in awheel 
and pinion be as 120 and 10, then, for every turn of 
the wheel, there will be 12 of the pinion: but if the 
number of teeth are as 60 and 10, then for every turn 
of the wheel there will be only 6 of the pinion; and if 
the number of teeth are eqaal in both, they will turn 
with the same velocity, and each turn of the wheel will 
have a corresponding turn of the pinion. 

If there be any number of wheels acting upon so 
many contiguous pinions, yon may divide the product of 
the teeth in the wheels by those of the pinions, the quo¬ 
tient will be the number of turns of the last pinion, for 
one tarn of tbe Urst win eel. 

Example. Suppose three pinions of 6, 9, and 
12 teeth, drive wheels of 24, 36, 48 teeth, then 

14x56x 48 —4 x 4 x 4=64, will be the number of turns 
6X9X12 

made by the first pinion, while the wheel goes round 
once. 

From what has already been said, you will be pre¬ 
pared to deduce a rule, by which the number of wheels 
and pinions being given, you will get the number of 
teeth, to be <cut on them, to make an index, as the hand 
of a clock or igatch turn a certain number of times. 

Rule i. Find the component primes* of the given 


* The component primes, or prime numbers, are those that can 
be only divided by unity, so as to leave no remainder; these are 2, 
3, 5, 7, 11, Ate. thus the primes of 210 are found by dividing by 2, 
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number, which are the divisors of that number, without 
remainders. 

ii. Distribute these divisors into* as many separate 
parts or parcels as you have wheels to use; and each 
part or parcel multiplied together, is to be the numera¬ 
tor of a fraction, of which unity is the denominator. 

hi. Multiply the numerator and denominator of each 
fraction by any number that you intend for the number 
of teeth in the several pinions, and the fractions will 
shew the number of teeth in the wheelseand pinions* 

Example. Suppose I were required to make the 
index turn 3600 times, by means of 4 wheels^and 4 
pinions. 

The primes of 3600 are 2, 2, 2, 2, S, 3, 5, 5; these 
I am to divide hito 4 parcels, because there are fqpr 
wheels, and as I do not mean to have the wheels of the 
same size, or of die same number of teeth, I distribute 
them thus: 

2 and 2 /The parts of each parcel are r 4\ 

2 and 3 3 to be multiplied together for j 6 t J 

2 and 5 J numerators of fractious, ai^ j to t ^ 

3 and 5 vwill stand thus: (. 15 ) 

Having determined that the pinions should consist of 
pinions of 7, 8, 6, and 5 teeth; I multiply the numera- 

5, 5, and 7, which multiplied into one another, givw the original 
number. 

2)210 
3)105 
5)35 
7)7 


1 
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tor and denominator of each fraction by the number, 
which is equal to the number of teeth in each pinion, 
thus 


* x 7 = 

i — 7 

* X8-*» 

Y x6=Y 

Y X 5«c v 



teeth in 1st wheel, 
teeth in 1st pinion. 

teeth in 2d wheel, 
teeth in 2d pinion. 

teeth in 3d wheel, 
teeth in 3d pinion. 

teeth in 4th wheel, 
teeth in 4th pinion. 


These divisors might be arranged differently, as by 
putting three in one wheel, and leaving one divisor only, 
for another wheel, as 


2 x 2 x 5 = ( Th en l h e pinions are to \ 

2 x S= f j consist of 12, 7, 4, and 3 / 

2 ) teeth, the teeth in the j 

5= f v wheels and pinions will be ) Y 

These observations will, if properly attended to, and 
thoroughly understood, be a proper introduction to my 
next letter on clock and watch work; which depends 
almost wholly on a combination of wheels and pinions. 


I 1 ~ 

) V 

1 2 4 
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LETTER XLL 

Structure, Mechanism, and mode of Operation of Clocks—How 
Time is accnrately measured by a Pendulum—Dial-work of a 
Clock explained—Striking Train explained—Structure and Me¬ 
chanism of Watches explained—Other Instruments to point out 
the Divisions of time—Of time and its divisions. 

You will now be able very readily to comprehend 
the structure of clocks and watches; the drawing, fig. 
59, which accompanies this, is a representation of the 
inside of a clock, seen side-ways, or such a view as you 
will get by opening one of the side doors of a comnnfn 
eight-day clock. The frame-work T T T T, is usually 
mlBe of brass, and intended to hold the parts*together. 
The weight c w, gives motion to the wheels, Sic., for 
the cord to which it is attached, is fastened by the other 
end to the barrel c, at x, therefore, in enddhvtiuring to 
descend, it turns the barrel c, to which is attached the 
wheel d ; this wheel turns the pinion d, and also turns 
the wheels N and o, and, with the wheel o, the pinion 
p is turned, which turns q ; but the wheel e gives mo¬ 
tion to the pinion e, the wheel f, and thf pinion f- 
which pinion f, turns the crown, or balance wheel G h. 
The teeth of the balance wheel act upon the pallets i K, 
so that after one tooth, H, has communicated motion to 
, the pallet k, that tooth escapes, and the opposite >100111 
g, acts upon the pallet i, and escapes in the same man¬ 
ner. 
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The motion of the pallets and crown wheebwill be 
better understood by fig. 60. d c are the pallets move- 
able on the axis a, and connected with the pendulum 
a b, so as to vibrate with it; now, when the pendulum, 
by a vibration, comes into the position a x, the pallet c 
will escape its tooth, and d will act upon an opposite 
tooth, the pendulum returning, d escapes, and c acts 
upon another tooth, and so on. 

By referring again to fig. 59, you will perceive at 
once, that when the pendulum is made to vibrate, all 
the wheels must partake of the motion, and then the 
weigbjt w, acting upon the wheels, must continue their 
motion, and likewise the motion of the pendulum, till 
the cord is wound off from the barrel. 

, You will also observe that the quickness of the vibra¬ 
tions of the pendulum regulates the velocity of the 
wheel-w^prk ; for if the pendulum a b, swing secoftds, 
each pallet will be extricated in a second of time; if it 
swing half seconds, each pallet will be extricated in 
half a second: of course, as the motion of the crown 
wheel, and that of all the other wheels and pinions is 
regulated by the time taken by the extrication of the 
pallets, it is regulated by the pendulum, and will be 
twice as swift in clocks, with half second pendulums, as 
.it is with $econd pendulums. See Letter V. pages 39 
and 40. 

When the' cord c x, upon which the weight w, is 
suspended, is entirely run down from off the barrel, it is 
wound up again by a key, that goes on the end g, by, 
turning it in a contrary direction to that in which the 
weight descends. You must; however, observe, that on 
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the barrel c are two wheels, a fourth part of which is 
represented in fig. 61; d is the wheel which turns the 
.pinion l ; and x the ratchet wheel, the teeth of which, 
when the barrel is turned the reverse way, removes the 
click c, so that the ratchet wheel z, turns in the direc¬ 
tion k y, while tiie wheel d is at rest; but as soon as 
the cord is wound up, the click falls in between the teeth 
which act upon it, and obliges the wheel B, to turn along 
with the barrel, and the force of the spring s, keeps the 
click between the teeth of the ratchet wheel. 

Let us turn again to fig. 59, and examine how the 
divisions of time are poiuted out by means of thejumds. 
The wheel te* is made to revolve hi an hour, and the 
pivot c of this wheel, passes on to ft, on which the mi¬ 
nute hand is fixed : this then points out thl division *>f 
each hour into minutes, if the dial plate is -so divided. 
Again, the wheel K toaiw the wheel o, which acts on 
the pinion p, which acts on q q, and this wheel q q, 
makes its revolution in 12 bourn; on the pivot v, is 
fixed the hour band, which, of course, marks *ou; the day 
into hours. In lookiiq; at the front of a dock, the mi¬ 
nute and hour hands appear to be on the same pivot, but 
that you know, is impossible, because one revives 
twelve times falter than the other; that is, the minute 
hand makes its circuit in an hour, but the hour hand 

tabes twelve hours for its revolution, and now you per- 

• ^ 

curve that the minute hand turns on <the pivot h, and tins 
tunas in the socket of v , which socket turns twelve times 
slower than the other. 

I will now explain how time is so exactly measured 
by the pendulum, and by what meays the several wheels 
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are made to turn in any given times, as an hour,#twelve 
hours, and the like. We have formerly shown, (page 
40), that pendulums vibrate slower or quicker, accord¬ 
ing to their lengths. Suppose, in our clock, the pen¬ 
dulum to vibrate half seconds, in this case there will be 
60X60X2=7200 vibrations in an hour. You will 
then, my friend, naturally ask how the wheel E, is made 
to take an hour precisely in making one revolution ? 

This depends on the number of teeth in the wheels 
and pinions, according to what I told you in my last 
letter. ■ 

Suppose the balance wheel g 11 , to consist of 30 
teeth ; then as each tooth acts separately on both pallets, 
which occasions two vibrations of the pendulum, the 
pendulum Will vibrate 60 times while the wheel turns 
once, and as = 120, this balance wheel must make 
120 revolutions in an hour. The pinion moves with 
the balance wheel g h, and turns the wheel f, but there 
are 6 teeth in J] and 60 in f; of course f will make 10 
revolutions,* while F makes but one revolution ; therefore 
the wheel f turns \% times, while the balance 

wheel turns 120 times, or while the pendulum swings 
720Q times. With the wheel f the pinion e turns, 
which turns also the wheel e ; but there are 6 teeth in 
e f and 72 ip e ; therefore the pinion e turns (V—) 
times, while e turns once. Hence you see that E makes 
one revolution only, while e and f make 12, while the 
pinion f t and balance wheel g h, make 120, and W'hile 
the pendulum makes 7200 vibrations, that is, in an hour: 
— in other words, the wheel e, and the index h i, make 
a revolution in one hour precisely. 
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Wetnow come to the hour hand: the wheel N, is 
turned bg the same axis e, as turns E, of course it 
makes its revolution in an hour; the wheels N and o 
have each 30 teeth; and being turned by the axis c t they 
both make a single revolution in ail hour; with the 
wheel o, the pinion p, and wheel qq revolve; but the 
pinion has (i teeth, and the wheel qq has 72 teeth, 
therefore the pinion p t revolves (^ =) 12 times while 
the wheel q q , revolves once; in other words, the wheel 
qq , (to which is attached the hour hjftid vu)> turns 
twelve times slower than the W'heels o, N, and E ; but 
e turns once in an hour, and therefore q q tur^s only 
once in 12 hours. 

You will remember that the weight «?, is not a ne¬ 
cessary part of a clock, because small clocks, as thc«e 
which stand on tables or brackets, do not admit of 
weight to rim down; these, then, are moved with a 
spring contained in the barrel, instead of a weight and 
cord to be wound on it. 

If you now turn to fig. 62, you will # see* a different 
view of the inside of a clock. You observe two sets of 
wheels; the set connected with the barrel A, is that 
which we have already described; the other set, con¬ 
nected with u, is the striking part. These sets, or 
trains of wheels, are independent of one another, and 
each has its first mover, a tpid b ; the train a a, is con¬ 
stantly going, to indicate the time by the hands on the 
dial plate: but the train b b, is only put in motion 
every hour, and strikes a bell to tell the hour, c is the 

•* j 

barrel of the jj>ing part, having a* catgut* or cord, x y 
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wound round it, suspending the weight w, whidh keeps 
the clock going, in the way described above. • 

I now proceed with the mechanism connected with 
the striking of the clock; the first mover is the barrel 
B, having a click, such as has been described with regard 
to fig. 6l. To this barrel is attached a wheel, b, called 
the count-wheel, having 78 teeth ; it turns a pinion of 8 
teeth, which is connected with the pin or striking-wheel 
x, of 64 teeth, acting also upon a pinion of 8 teeth, be¬ 
longing to the detent or prop-wheel o, of 48 teeth ; 
this turns a pinion of 6, on the same arbor with a thin 
vane $f metal, called a Ay, intended by itt resistance to 
the air, to regulate the velocity of the wheels, y is the 
hammer, and z the bell. 

® The wheel x, lias eight pii#projecting from it; these, 
as they puss by the tail of the hammer n, raise it up ; 
the hammer is returned violently when the pins leave its 
tail, by a spring, m, pressing on the end of a pin put 
through its arbor, and strikes the bell. There is another 
spring,\Vhich lifts the hammer of the bell the instant 
it has struck, that it may not stop the sound. The 
eighth pin in the wheel x, passes by the hammer 78 
times in striking the 12 hours, because 1+2+S+4+5 
+ 6 + 7 + 8 + 9+10+11+12 = 78, and as its pinion 
has eight leaves, each leaf of the piuioti answ ers to a pin 
in the wheel x. As the great wheel has 78 teeth, it will 
turn once in 12 hoars. The wheel x, having 64 teet|i, 
eight of them correspond to one of the pins for the ham¬ 
mer ; and as the pinion of the next wheel, o, has eight 
teeth, the wheel itself will turn once if each stroke of 
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the hammer. As o turns once for 6 revolutions of its 
pinion; and as p turns once for 8 revolutions of its pi¬ 
nion of 6 leaves, the Byf, will turn 6 x 8=48 times fqr 
one revolution of the wheel o, which is equal to one 
stroke of the hammer. 

But you will naturally ask by what means is a clock 
made to strike at each hour the precise number of times 
required ? 

There are many contrivances for producing this effect; 
but I will confine myself to a description of one of the 
most simple. 

As the parts which perform this office are concealed 
by the wheels to which we have just now referred, they 
could not be delineated in the same figure without pro¬ 
ducing confusion. I shall Qferefore merely indicate thei'f 
situation in figures 62 and 66, and must refer you for a. 
complete representation of them to figure 1 and 2 of 
miscellaneous plate. In wheel &, of fig, 5% plate vi. 
is fixed a pin, the use of which is to lift up the detent, 
«, jS (see fig. 1 and 2, of miscellaneous plate t.) the 
further extremity of which, wheu down, locks into a 
notch, or rests against a pin in the detent wheel p, 
whilst its projection p, falls into one of the notches'in 
the wheel Ji, which is affixed on the arhor of the ^count- 
wheel b. 

The lifting up of the deteqt sets the striding train at 
liberty, and allows the weight or spring* to put the whole 
in ftotion. The wheel k continues it q move till its pin 
slips from under the detent, which would in conse¬ 
quence immediately drop down an& lock the detent 
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wheel, were it not prevented by the projection which 
rests on the rim of the wheel 3 3, and continues to do so 
until a pin in the pin wheel has raised the hamper, and 
caused it to strike one. By this time the detent wheel 
has made one entire revolution, the pin wheel J, and the 
wheel 3 3, - 7 J a of a revolution. By this means notch 2d 
in the wheel 3 is brought immediately under the pro¬ 
jecting piece p, of the detect, which slipping into the 
notch, allows the detent to fall down and lock the de¬ 
tent wheel. From this time the striking part remains 
at rest till the next hour, when the pin in wheel e com¬ 
ing in'contact with the tail of the detent, raises it again. 
But the clock will now strike tw'o; for notch 3 being 
from notch 2, the rim of the wheel 3 3 , will support 
the detent until the pin wh m has gone through of a 
revolution, that is, till two pins have passtd by and raised 
the hammer. And thus by continually increasing the 
spaces between the notches in the wheel 3 3 , part of 

the whole circumference, the striking train is kept in 
motionuntil the requisite number of pins have passed 
the hammer, and caused it to strike the proper hour. 

Figure 66, Mechanics, plate vi. represents a spring 
or fable clock, a a' is the going train, a' the barrel con¬ 
taining the spring that keeps the going train in motion, 
v the chaitf, f the fusee, g the ratchets and click described 
in fig.,61, f<r preventing the fusee from turning without 
carrying the wheel along with it. This wheel E tug# 
the pinion c, which* fs fixed to and carries round tne 
wheel a. The whe& a works into the pinion i, atid 
turns both "that an£I the wheel b affixed to it; d works 
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into a *>ivot not seen in the drawing, on the same aibor 
as the crown wheel x, and turns them both. 5 and 5 
are the pallets. 

n b' is the clock work or striking part, b' the barrel 
containing the spring, v the catgut or chain, f the fusee, 
g the ratchets and click, the same as in the time past. 
E the count wheel, l the pin wheel, m the detent wheel, 
w the fly w heel, s the fly and its pinion, i p o the detent, 
k the bell and s the hammer, y the spring for driving 
the hammer against the bell on its being disengaged from 
the action of the pin wheel. 

The form .of the spring, and also of the fuse?, are 
nearly the same in a table clock as in a watch, but the 
necessity of making the fusee of a conical form being 
much more obvious in a-toatch than a clock, I shalf 
defer entering into description of them at present. 

Clocks are generally found to lose in summer, and gain 
in winter, from the expansion of the pendulum rod by 
heat, and its contraction by cold. To remedy this defect 
astronomers are accustomed to apply t%*their *clocks 
what are called compound or compensation pendulums. 
They differ very much in their construction, but all de¬ 
pend on the same principle, namely the different degree 
of expansibility of different metals. 

The simplest and most elegant of these coitfrivances, 
is the mercurial pendulum. It consists of a steel rod, 
ab, (see fig. G, misc. plate i.) with'Ybucket, b c, at the 
bottom filled with quicksilver, inrye place of a bob. 
Now the expansion of the rod evjbntly lengthens the 
pendulum, but the quicksilver expanding more than the 
steel, causes the fluid to rise in the Bucket, which, in 
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fact, is equivalent to raising the bob, or shortening the 
pendulum. And thus by duly adjusting the quantity of 
quicksilver in the bucket to the length of the rod, the 
expansion and contraction of the steel and mercury are 
made to counteract each other; and the pendulum, and 
consequently the clock, to preserve an uniform motion. 

With this explanation of the interior of a clock, I 
think you will find no difficulty of understanding all its 
motions, but you will derive great advantage if, with the 
knowledge thac this letter affords, you would call on 
your watch-maker, and request him to show you the me¬ 
chanism of an eight-day clock. 

I shall now give you a short account of the construc¬ 
tion of watches, which I advise you to read, not only 
Vvith the accompanying figures, but also with the work 
of your own watch standing open before you. 

Watches, as well as clocks, are composed of wheels 
and pinions,. with a regulator to.direct the velocity of 
the wheels, and of a spring which communicates motion 
to the jvhole* o The regulator and spring of a watch are 
inferior to the weight and pendulum of a clock. Instead 
of a pendulum, there is the balance H, (fig. 63 t ) which 
regulates the motion of a watch; and, in place of a 
weight, a spring, such as fig. 64, which is enclosed in 
the box, ajd a serves to give motion to the wheels and 
balance. Fig. 65, represents the inside of a watch after 
the upper plate is Jr-keu off; a is the barrel which con¬ 
tains the spring; end of the chain is fixed to the 
barrel a, fig. 63, it fa then rolled round it, and the other 
end is fastened to fitoe fusee b. 

When the watch is wound up, the chain, which was 
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upon tljp barrel, is on the fusee, and, of course, the elas¬ 
tic spring, in the barrel, is on the stretch, for the inte¬ 
rior end of the spring is fined to an immoveable^axis a, 
about which the barrel revolves; the exterior end z, 
of the spring is fixed to the inside of the barrel, which 
turns upon an axis. You will, therefore, readily peff 
ceive h6w the spring extends itself, how its elasticity for¬ 
ces the barrel round, and obliges the chain, which is on 
the fusee, to unfold, and in its motion, to give motion 
also to the fusee. The motion of the fu&e is commu* 
nicated to the wheel c, thence to the pinion c, which car¬ 
ries the wheel D; this moves the pinion d, which* car¬ 
ries the wheel e ; this, again, turns the pinion e, which 
carries the wheel f, and gives motion to the pinion J\ 
upon which is the balance wheel g, which gives motion' 
to H. 

It is evident that the hour hand q, turns twelve times 
slower than the minute hand h , because the pinion of 
twelve, on the spindle of the minute hand turns the 
wheel s, of 48 teeth ; therefore, the motion s is 
(±£ 13 ) 4 times slower than the minute \aud, but the 
pinion of s f of 16 teeth, turns the wheel t, of 48 teeth, 
and of course the motion t is (x£=) 3 times slower tb^n 
that of the pinion, or than that of the wheel s, and 
3X4=12. 

I must now shew to you how the balance is made to 
oscillate in a certain time, so*as to r^date tfie~goihg of 
the watch. 

The pendulum of a clock has in Js nature a principle 
of re-action, for no sooner has it swung to «a certain 
height titan it returns by the mere effect of gravity; but 
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the balance of a watch has no such tendency. » To re¬ 
medy this defect, a fine spiral spring is fixed by one end 
to the axis of the balance as represented in fig. 3, mis* 
cell, plate t. the other end being fastened to the frame¬ 
work. From the elasticity of this spring, the balance, 
though capable of swinging freely on either side to a suf¬ 
ficient distance for the pallets to clear the teeth of the 
balance wheel, yet has a tendency immediately to return 
back towards its proper point of rest between the two 
escapements, ‘in which position it would finally settle af¬ 
ter a few oscillations, were it not kept in motion by the 
action of the balance wheel upon the pallets. 

It is upon a nice adjustment of this part of the work, 
and a due proportion of the strength of the main to tiie 
•balance spring, that die accurate going of a watch prin¬ 
cipally depends. 

The force of the balance spring may be considered as 
constant, but that of the main spring is obviously not so, 
being much stronger when first wound up than when 
nearly dbwn. To compensate this inequality in the 
moving power, the fusee is cut into a conical form, di¬ 
minishing from top to bottom. By this means the chain 
acts upon a shorter lever, when the spring is wound up, 
and upon a longer one when it is down ; so as to regu¬ 
late the unequal action of the main spring to a perfectly 
regular force upon lire wlieel-work. In chronometers, 
which are only a store accurate sort of watches, the ba¬ 
lance instead of be ^# an intire circle, is made with a di¬ 
vided rim, compos^ of two different metals, run or sol¬ 
dered together, «e fig. 4, plate i. The object of this 
ingenious contrivance I will now explain to you. 


































MECHANISM OF A CHRONOMETER. 

All* metals are expanded by beat, and contracted by 
cold. . In consequence of this properly, the balance of 
a watch is larger in summer than in winter. By the en¬ 
largement of the balance, the rim is carried further from 
the centre of motion, and consequently has to pass through 
an arc of a larger circle than before; but the force of 
the spring remains the same, and therefore the balance 
will be longer in performing its oscillations, and the watch 
will go slower. 

The divided rim a b, nb f as I just n&w»observed, ts 
composed of two metals, of very unequal expansibility, 
(commonly brass and steel,) soldered or run together; 
the most expansible metal being placed outwards. 

In consequence of this arrangement of the metals, the 
arms a b, a b, become more bent by expansion, which 
carries the balls 6, b, nearer to the centre, this serves to 
correct the expansion of the radii ca,ca , which evidently 
has a tendency to carry them further out; now since the 
principal matter of the rim lies in these balls, it is easy 
to see that by duly proportioning the length of the arms 
a b, a b f to that of the radii a c, a c, the balls may be made 
to preserve a precise distance from the centre under every 
degree of expansion, and thereby the vibrations of the 
balance be rendered perfectly isochronal. 

Chronometers also differ from watches in another very 
striking particular, having what are commonly called de- 
tached escapements; but these are sto, various, and gene¬ 
rally so extremely complicated in fcj/r form, as to be un¬ 
intelligible without a reference to Models, or to very de¬ 
tailed and accurate drawings. Suffice it therefore to say 
that the object of all these contrivances is to reduce the 
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impulse on the balance from a continued pressure of the 
teeth of the balance wheel on the pallets to a momen¬ 
tary tap, and thereby to remove, as much as possible, 
die errors arising from any variation in the force of the 
moving power, or from irregular friction, occasioned by 
the unequal lubricity of the oil required for greasing the 
machine. 

Clocks and watches are of modern invention, and you 
will naturally ask what expedients were used for the pur¬ 
pose, previcusiy to the introduction of these useful ma¬ 
chines. You may, indeed, carry your enquiries still far¬ 
ther, slid ask what is time ; and how are the usual divi¬ 
sions to be accounted for ? 

1 camiot pretend to satisfy you as to what time is; 
tne philosophical poet asserts that 

Time, of itself, is nothing, but from thonght 
Receives its rise ; by labouring fancy wrought 
From things considered, whilst we think on home 
As present, some as past, or yet to come. 

No thought can think on time, that's still confest, 

But thipks on things in motion, or at rest. 

Hence time is noticed by a succession of events, and 
it is measured by some uniform motions. By means of 
the common hour-glass the motion of the sand marks 
out the hours of the day, so long as it is attentively and 
accurately turned when one end of the glass is emptied. 
Upon'JHflTfTilar principle water was used to measure the 
lapses of time, and machiues, out of which it flowed, 
were called clep$ydj,e. After these, sun-dials were in¬ 
vented, which marked the times by the shadow of a style 
or staff, which shadow moves round with the apparent 
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niotioft of the sun, and with the real motion of the 
earth. 

The motion of the earth is the most equable motion 
in nature, and the period of its revolution is divided into 
24 equal parts, called hours; this is the cause of the 
divisions on clocks and watches being 24 in Italy, and 
12 in this country, and most other places, where, for 
convenience,. the 24 is divided iqjo two twelves. The 
division of the hours into 60 minutes, and the minutes 
into 60 seconds, is used likewise for convenience, because 
the number 60 is divisible by many other numbers with¬ 
out a remainder. 

It is agreed by all nations that the twelve o’clock hour 
should be when the sun is on the meridian, that is, when 
it is on that line tlyat passes North and South over olir 
heads, and hence jou see the reason why clocks and 
watches are faster or slower in some countries than in 
others. Because, if you turn to your globe, you will 
find that P&ris conies sooner to the meridian than Lon¬ 
don, and London comes sooner to it thaq Lisboa, but it 
is xu. o’clock in all countries, when those countries 
coine to the meridian; therefore the clocks at Paris are 
before the clocks at Loudon, and those at Lisbonrare 
behind those at London. 
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LETTER XIII. 

Tiie Sciences of Hydrostatics and Hydraulics defined and illustiated 
—Fluids, bow defined—Fluidity, cause of—Difference between 
Fluids and liquids explained—Gravity of Fluids illustrated—Ex¬ 
periments—How lead is made to swim—Hydrostatical Paradox 
—Dif^iencc between Gravity and Pressure explained—Hydro* 
statical Bellows. 

Having dismissed the science of mechanics, I shall 
proceed to hydrostatics and hydraulics, which are of 
great importance to the comfort and convenience of 
man. 

Hydrostatics treat of ihc nature, gravity, pressure 
and moliorj of fluids in general, and of the methods of 
weighing solids r hi them. 

The science of hydraulics relates particularly to the 
motion of water through pipes, conduits, &c. aud in 
this sense it will appear to be of the utmost consequence 
to the wants of life, when we consider that on its prin¬ 
ciples depend the structure of pumps, fire-engines, 
pipes fcsi dnveying^yater from one place to another, 
and canals, on which much of our inland commerce 
depends. \ 

In a more strict sense, the science of hydrostatics, 
treats of the weight aud equilibrium of fluids at rest. 
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and tlmt of hydraulics considers the laws of fluids in 
motion, that is, when the equilibrium is destroyed. 

A fluid is a body whose parts yield to the smallest 
force impressed. There are two kinds of fluids, viz. 
those which are elastic, as atmospheric air, and the dif¬ 
ferent gases, and those which are non-elastic, as water,*, 
oil, mercury, &c. It is with the latter class, or rather 
with water belonging to this class, that we are now par* 
ticularly concerned. 

Philosophers have usually assumed, there being no 
direct proof of the fact, that the particles of fluids are 
round and smooth, since they are so easily movedjimong 
one another. This supposition will account for some 
circumstances belonging to them, with great ease. If 
the particles are round, there must be vacant spaces be¬ 
tween them, in the same manner as there are vacuities 
between cannon balls, that are piled togetherj between 
these balls smaller shot may be placed, and between 
these others still smaller, or gravel, or sand may be dif¬ 
fused. In a similar manner, a certain quantity of parti¬ 
cles of sugar can be taken up in water without increasing 
the bulk, and w hen the water has dissolved the sugar, salt 
may be dissolved in it, and yet the bulk remain the sagie: 
now admitting that the particles of water are round > 
this is easily accounted for. 

Others suppose that the cause of fluidity is in the 
want of cohesion of the particles c of water, oil,*' &c. and 

i ', 

* The ingenious experiments of Mr. r Jacob Perkins detailed in 
the Philosophical Transactions for 1820; put the compressibility of 
water beyond all doubt, and lead to a suspicion that there is no 
substance in nature but what is capable of being compressed. 
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from this imperfect cohesion, fluids in small qualities, 
and under peculiar circumstances, arrange themselves in 
a spherical manner, and form drops. 

Although air, steam, and the various gases, are fluids, 
as well as water, wine, oil, mercury, &c., yet to distin¬ 
guish them. Dr. Young, and other philosophers, de¬ 
scribe them in the following manner: A fluid which has 
no immediate tendency to expand when at liberty, is 
considered as a liquid : thus water, oil, and mercury, are 
liquids; air, strain, and the gases are fluids ; the latter 
may be denominated elastic fluids, and the former non¬ 
elastic. With water, one of the non-elastic fluids, we 
% 

are now’ chiefly concerned ; it is subject to the same law s 
of gravity with solids, but on account of the less cohe- 
feive power of its parts, there are some peculiarities re¬ 
specting w-ater, which do not attach to solids. The parts 
of a solid are so connected, as to form a whole, and 
their effort is, as we have seen, concentrated in a single 
point, called the centre of gravity; but the parts of a 
fluid gravitate independently of each other, and it is on 
this principle, ttiat the surface of a fluid, contained in an 
open vessel, is always level, or parallel to the horizon. 

was formerly supposed, that the parts of fluids did 
not gravitate upon each other; or that water, for in¬ 
stance, had no weight in w>ater; not that it was ever 
doubted whether water and other fluids had weight, when 
considefecTEy tbemsefaes; but it was imagined, that they 
had no weight, when- immersed in fluids of the same 
kind. In proof of which, they said, that a bucket full 
of water, at the bottom of a well, was drawn up with¬ 
out difficulty till it: reached the surface, and it was then 



GRAVITY OF FLUIDS. 


105 


that its weight began to be felt. In opposition to this, 
I will describe an 

Experiment. —1 . Suspend from a balance, an 
empty phial, corked and loaded with lead, so as to sink 
in water; and at the other end of the balance, let the 
phial and lead be counterpoised with an equal weight, 
when it is immersed in the water. When all is in a state 
of equilibrio, let the phial be uncorked, and the water 
will rush in and fill the phial, and the equilibrium is d<£- 
stroyed. Now if the phial contain eight Rupees of water, 
it will require eight ounces to be put in the other scale, 
to make them balance one another, which proves that 
the water, in the phial, lost none of its weight by being 
surrounded by a fluid of the same kind. 

You will, perhaps, ask how we account for the ease 
with which the bucket is drai$n up through the water. 

Fluids are possessed of this property, they press 
equally in all directions ; not only in common with solids, 
perpendicularly downwards, but also upwards and side¬ 
ways ; and therefore it is by the upward pressure of the 
water in the well, that the bucket so easily ascends; for 
the water in the bucket, being of the same weight with 
that in the well, a small force in addition to the upward 
pressure, will cause the bucket to ascend. You will, 
perhaps, be glad to make some experiments,* to demon¬ 
strate the upward pressure of fluids. 

Ex. 11 . Take a glass thbe, half.an incifor Aore in 
diameter, open at both ends ; Atop one end with your 
finger, and immerse the other perpendicularly in water. 
While the upper end is closed, the water capnot rise but 
a few inches, because the air within prevents the ascent 
• f 3 
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of the water; but if the linger be removed, the air will 
escape, and the water will rise in the tube to the same 
level as it is in the vessel, being pressed upwards by the 
surrounding water. 

Ex. ill. In a bended glass tube, ABC, (plate hy- 
drostatics, fig. 1,) I pour some sand, and when the bot¬ 
tom part is filled, whatever is poured in afterwards, will 
stand in the side of the tube in which it is poured, and 
not rise in the other side ; because by the attraction of 
gravitation, all bodies have a tendency to the earth, that 
is, in this case, to the lowest part of the tube; but if the 
sand ascended in the other side of the tube, its motion 
would be upwards; or from the centre of the earth. 

£x. iv. Pour out the sand, and let w r ater be putin its 
place, and it will be seen that this is level in both sides 
of the tube, proving that with respect to fluids, there is 
a pressure upwards at the point B, as well as down¬ 
wards. 

Ex. v. Take a tube, open at both ends, and ground 
so fiat at the bottom as not to admit water; I place it 
in a vessel, ant. hold it down firmly while I pour water 
round it: fitting close, no water gets into the tube, but 
the moment 1 move the edge, though ever so little, the 
water ascends, which it must do by the upward pressure 
alone. The experiment would not succeed with sand, 
which has no upward pressure. 

From thiv property, we learn the principle of spout¬ 
ing fluids; if a hole is bored in- the side of an upright 
pipe filled with water, the fluid will spout out, which 
shews the lateral pressure, and this pressure is so much 
greater, in proportion as the hole is farther removed 
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from •the surface ; that is, a hole 3 feet below the sur¬ 
face of a vessel of water, will throw out in the same time, 
much more water, than one only a single foot below. 

As fluids press equally in all directions, it follows, 
that the bottom of a vessel sustains the pressure of a co¬ 
lumn of the fluid, whose base is the area of the bottom 
of the vessel, and whose perpendicular height is equal to 
the depth of the fluid. 

Ex. vi. In the vessel a b, (fig. 2,) the bottom c Bj 
does not sustain a pressure equal to th6 whole quantity 
of fluid contained in the vessel, but only of a column 
whose base is c b, and height B g ; the sides Aja, c D, 
ike. sustain the other pressuK. But in a conical vessel, 
f g h d, (fig. 3,) the bottom g h, sustains a pressure 
equal to what it would, if the vessel were as wide at the 
top x z , as it is at the bottom G h. 

Ex. vn. The lateral pressure is shewn by the fol¬ 
lowing experiment: a b, (fig. 4,) is a vessel filled with 
water, having two equal holes, a 6, bored with the 
same tool, one at the side close to the bottcAn,Bnd the 
other at the bottom itself: if these holes are opened at 
the same instant, and the water suffered to run into two 
glasses, it will be found, that at the end of a minute,, or 
other portion of time, they will have discharged equal 
quantities of water; a proof that the water presses side¬ 
ways as forcibly as it does downwai ds. 

Hence it is clear, that Ifluids preas equally in every 
possible direction, provided tbo perpendicular heights 
are equal, which may be shewn by another method. 

Ex. viii. At the bottom of a tube, two or three 
inches in diameter, and open at both ends, tie a piece of. 
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bladder, and pour in some water, say six inckes in 
height; the bladder will now be convex or bent out¬ 
wards; dip it in a vessel of water, holding it still per¬ 
pendicular ; when immersed two, three, four, or five 
inches deep, the bladder will be still convex; but when 
it is six inches below the surface, then it becomes flat, 
because now the perpendicular depths being equal, the 
pressure upward is equal to that downwards; and the 
water.in the tube is exactly balanced by the water in the 
jar; and if the f&be be pressed farther down, the bladder 
will become concave or bent upwards, because now the 
water ip the outer vessel being deeper than that in the 
tube,, the upward pressure* becomes greater than the 
downward; for the upward pressure is estimated by the 
perpendicular depth of the water in the outer vessel, 
measured from the surface to the bottom of the tube; 
but the pressure downwards, is estimated by the height 
of the water in the tube; the former, therefore, being 
perhaps 8 or 9 inches, and the latter only 6, is the*cause 
of the gladder being forced upwards. 

Upon the principle of the upward pressure, lead or 
other metal may be made to swim in water: let l b, 
(fig % 5), be a vessel of water; and a b a glass tube, open 
throughout: z is a siring by which a flat piece of lead £ 
of an inch thick, is held fast to the bottom of the tube, 
to prevent the water from getting in between the lead 
and the glass! In tins situation, if the tube is immersed 
in the Vessel of water to about three inches depth, the 
string may be let go, but the lead will not fall; it will 
be kept adhering to it, by the upward pressure below' it. 
The lead being about 11 times heavier than water, and 
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the thfee inches being eleven times the thickness of the 
lead, is the reason why that depth is fixed on. Had 
iron been used, the depth must have been less than 2 
inches, because iron is 7 or 8 times heavier than water; 
and if the plate had been of gold, the depth to which it 
must have been plunged, would have been nearly & 
inches, because gold is 18 or 19 times heavier than 
water. Sometimes it is necessary to put a piece of 
moistened leather between the metal and glass, but to 
prove that the leather has no effect whatever, in the suc¬ 
cess of the experiment, if the tube be drawn up an inch 
or two, and the string suffered to be free, it vviU fall off 
immediately, because the upward pressure is then not 
equal to the downward, and cannot oppose the gravity of 
the lead, and it falls off of course. 

There is in this science, an axiom perfectly well ascer¬ 
tained, though denominated the hydrostatical paradox, 
and it is of considerable importance in hydrostatics; it is 
this, that a quantity of fluid, however small, may be 
made to counterpoise any quautity however lar|e. We 
know, that in solids a lb. will only baldhce a lb., and a 
hundred-weight an equal weight; but in fluids, a pint 
may be made to balance a hogshead or a ton. ^ 

Ex. ix. If a wide-vessel a b, (fig. 6), containing 
any quantity, as a gallon or a barrel of water^and a tube 
c D, however small, attached to it at x, then pour water 
into them, and it will stand at the same height in both, 
that is the pint, or perhaps tea-cup full of water in c x, 
will balance the gallon or barrel a b x. See more on 
this subject, in Scientific Dialogues, vol. in. Conver. v. 
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Ex. x. Let A D B g, (fig. 7), represent a cylindri¬ 
cal vessel, filled with water to a, to the inside of which 
is fitted the cover c, so as to slide up and down, but 
not to admit the water to pass between its edges and the 
surface of the cylinder. In the cover, is cemented a 
small tube, f c, open throughout, communicating with 
the water beneath the cover c. Now, if a pound weight, 
X, be placed on c, the water will rise in the tube, as 
high as E, and if another pound be added, it will rise as 
high as F, and *0 on. Here it is evident, that as there 
was an equilibrium before the weights were placed on 
the cover, the water in the tube E c, which weighs only 
a few grains, is an equipoise to a pound. In other 
words, the column e c, produces a pressure in the water 
contained in the cylinder, equal to what would have 
been produced by the column Aado; and as this pres¬ 
sure is exerted every w’ay equally, the cover will be 
pressed upwards with a force equal to the weight of 
a a d D, for if the weight were removed, and the space 
a d D A, filled with water, it would stand no higher than 
t in the'tube; consequently if the water contained in the 
space ad da weighed a pound, that small quantity in 
E c, would sustain a pound also. The same thing might 
be proved of other weights and heights. 

Hence it is inferred, that the pressure of fluids of the 
same kind, is always proportional to the area of the 

base, multiplied into the perpendicular height, at which 

# 

the fluid stands, without any regard whatever to the form 
of the vessel, or the quantity of fluid contained in it. 

The pressure of fluids, differs from the gravity or 
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weighty in this; the weight is according to the quantity , 
but the pressure is according to the perpendicular height . 

The hydrostatic bellows is another instrument, to 
shew that a very few ounces of water will lift or sustain 
a large weight; it is made like a common bellows, only 
without valves at the bottom. A small tin-pipe eo/ 
(fig. 8), communicates with the inside of the bellows 
q p; the upper and lower boards x z, are kept close 
together by the weight w; but they are not so very 
smooth but water may insinuate itself between them: 
and if water, perhaps half a pint only, be poured into 
the tube e o, which is very small, it will sepa^tte the 
bellows' boards and raise them, notwithstanding the 
weight, as high as z, where the water stands in the tube. 
If the tube were longer and smaller, the same quantity 
of water would raise a much larger weight. If the bel¬ 
lows' boards were about 12 inches in diameter, and the 
pipe e o, three feet in height, then water poured in so as 
to stand at e, would sustain on the board x, a weight 
equal to 144 pounds nearly. • 

By increasing the length of the tuBfe, the pressure 
may be increased to almost any extent, so as to burst 
the strongest vessel, and it is said; that a strong cask \vas 
split by fixing in it a tin tube of twenty feet in length, 
and then pouring water into it, till it had fil|fd the cask 
and tube to within a foot of the tube. 

It may, at first be difficiflt to conceive how thi9 pres¬ 
sure acts wfith so much force; but the water at o, is 
pressed with a force proportional to the altitude eo; 
this pressure is communicated horizontally ju the direc¬ 
tion opq } which acts equally in all directions; the pres- 
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sure, therefore, downwards, upon the bottom board z, 
and upwards on the higher board x, is precisely the same, 
as if the whole space nqpr, were a cylinder of w'ater. 

1 cannot do better than conclude this letter with a de¬ 
scription of Mr. Bramah's hydrostatic press. This inge¬ 
nious machine consists of a large cylinder a. (See fig. 10, 
miscell. plate), having a piston b so accurately fitted as 
to move freely upwards and downwards, but without suf¬ 
fering any water to pass. Into the bottom of this cylin¬ 
der is inserted* the bent tube D, having a valve at c for 
admitting the water into the cylinder, and hindering its 
return. The tube D communicates at its other extre¬ 
mity with the forcing pump e, by means of which the 
water is forced into the cylinder A. Now, the force of 
the water to lift the piston b will be to the power re¬ 
quired to drive the water through the forcing pump e, as 
the square of the bore of the former to that of the latter; 
and since the two bores may be made in any proportion, 
it is evident there is no other limit to the power of this 
engine thaii the impracticability of constructing cylinders 
of imniensely great, or extremely minute dimensions; 
for instance, 

Let us suppose the cylinder to be 20‘inches in bore, 
the*pump 2 inches, and the power applied to the pump, 
including the advantage gained by the lever handle, to be 
equal to $) lbs., then the force on the piston b will be 
- 5000. 

ForV : SO*:: 50 : 5000. 



Ilf) 


LETTER XIV* 


Of the specific gravities of Bodies—How discovered— Hydrostatical 
Balance explained—To find the specific gravity of Solids heavier 
than Water—Of those lighter than Water—Of Fluids, &c.—The 
Structure and Principles of the Hydrometer explained—Table of 
Specific Gravities—Air-balloons—Diving-bell* 

You have seen, my dear sir, that lead may bf made 
to swim in water ; it would, however, naturally fall to the 
bottom of any vessel; but wood will of itself swim. 
The subject of this letter will teach you the reason of 
this difference, which attaches to different bodies; some 
of these are specifically heavier than others. 

Those bodies that are heavier than water will sink in 
it, but those that are lighter will swim. This penny 
piece, thrown into water, sinks, because it is seven times 
heavier than an equal bulk of water; and a piiece of fir, 
of the same size, will swim on the surface, because it is 
not much more than half as heavy as an equal bullfc of 
water. 

By the “ specific gravities” of bodies is ipeant their 
relative weights which equal bulks of different bodies 
have to each olher. To ascertain the specific gravities 
of substances in general, there must, of necessity, be a 
common standard, which is usually water, and by weigh¬ 
ing bodies in this fluid their specific gravities are found. 
The method of ascertaining the specific gravities of 
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bodies was discovered by Archimedes. He had* been 
employed by Hiero, king of Syracuse, to investigate the 
texture of a golden crown, which, he suspected, had 
been adulterated by the workman. The philosopher la¬ 
boured at the problem in vain, till, going one day into 
the bath, he perceived that the water rose in the bath in 
proportion to the bulk of his body ; he instantly saw 
that any other substance of equal size would have raised 
the water just as much, though one of equal weight and 
of less bulk coidd not have produced the same effect. 
He immediately felt that the solution of the king’s ques¬ 
tion was within his reach, and so transported was he 
with joy, that he leaped from the bath, and ran naked 
through the streets, crying out “ Evf»ax«, Evpwa ”—“ I 
have found it out,—I have found it out!” He then got 
two masses, one of gold and one of silver, each equal in 
weight to the crown, and having filled a vessel very ac¬ 
curately with water, he first plunged the silver mass 
into it, and observed the quantity of water that flowed 
oyer $ he then did the same with the gold, and found 
that a less quantity had passed over than before. Hence 
he inferred, that though of equal weight, the bulk of 
the silver was greater than that of the gold, and that the 
quantity of water displaced was, in each experiment, 
equal to the bulk of the metal. He next made a like 
trial with the crown, and found it displaced more water 
than the gold, and less than the silver, which led him 

y * t » 

to conclude that it was neither pure gold nor pure 
silver. , n 

As a body, immersed in water, will sink, if it be hea¬ 
vier than its bulk of the fluid, so, if it be suspended in 
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it, it vtfll lose as much of what it weighed in air as its 
bulk of the fluid weighs. 

Experiment i. This iron weight, when balanced 
in the air, weighs exactly 16 ounces, by means of the 
li) drostatic balance, fig. 9; I suspend it in a vessel of 
water, as at x, and it weighs less, so much le^ as the 
weight of a quantity of water equal in bulk to the iron 
weight. 

Hence all bodies of equal bulks, which would sink in 
fluids, lose equal weights when suspends) yi ihejn, and 
unequal bodies lose in proportion to their bulks. 

The h)drostatical balance differs but little fr^ni the 
common balance; the hook at the bottom of the scale 
z, is intended for the purpose of hanging the substances 
on, which are to be examined; the thread, attached to 
the hook, is made of silk or horse hair, the latter is the 
most proper substance as it will not imbibe moisture. 

Any body, x, wIiosq specific gravity is required, thus 
suspended at the scale z , is first to be counterpoised ill 
air by weights w , in the opposite scale, and then im¬ 
mersed in water; the equilibrium will* be destroyed, 
which must be restored by placing other weights into 
the scale %. The weight, which restores the equili¬ 
brium, will be equal to the weight of a quantity of wa¬ 
ter as large as the immersed body, and if th» weight of 
the body in air be divided by what it loses in water, the 
quotient will show how much heavier that body is than 
its bulk of water. 

Ex. li. This piece of iron weighs in air Soz. 10 dr., 
but when immersed in water it weighs only Soz . %dr., 
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that is, it loses 8 dr. of its weight in water, therefore its 

os. dr. dr. 

specific gravity is =7*25, or 7\ times heavier 

than water. 

Ex. in. Take a guinea, which, in air, weighs 129 
grains, ^ut in the situation, jr, in a jar of water it Joses 

of that weight 7i grains, and^- 9 =-^°- gives 17.793 

for its specific gravity, or it shews that the metal of a 
guinea is almost eighteen times heavier than water. 

By this method the specific gravity of any solid sub¬ 
stance, that will sink in water, is easily found; the rule 
is this,* “ first weigh the substance in air, then in water, 
and divide the weight in air by the loss in water, the 
quotient is the true specific gravity.” 

Ex. iv. A piece of flint glass, weighing 12 ounces 
in air, will, when suspended in water, weigh only 8 
ounces, that is, it will lose 4 ounces of its weight, and 
*- 4 2 =3, which is the specific gravity of the glass. In 
other words, a portion of water of a bulk equal to the 
bulk of the gla^s, weigs 4oz., but the glass itself weighs 
12oz., which is 3 times 4oz., or the glass is three times 
heavier than water. 

To find the specific gravity of a solid, which is lighter 
than water, requires a different process; it must be first 
made to sihk in water by attaching to it a piece of lead, 
&c. % 

41 1 

Ex. v. This piece of light wood weighs 330 grains, 
to it I attach a piece of metal weighing 240 grains, 
which loses by immersion in water 25 grains. In the 
air, the wood and metal weigh 570 grains; but in w ater, 
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they will be found to weigh only 69 grains, and 69 taken 
from 570, leaves 501, the difference between the weights 
of the substances m air and water; but the loss of 'the 
metal in water, was 25 grains; therefore the loss of the 
wood was 501—25—476 and give the decimal *7 
nearly; which shews, that if the specific gravity of water 
is 1, then that of the wood is of J only, or as it is 
known, that a cubic foot of water weighs 1000 ounces, 
so a cubic foot of this wood would weigh nearly 700 
ounces. 

Sometimes it is necessary to find the specific gravity 
of fragments of precious stones, or of mercury, Sec. 
which requires a third method. Suppose mercury to 
be the subject: 

Ex. vi. The mercury weighs in the air 240 graius, 
this 1 suspend in the glass bucket x, which was sunk in 
water, and nicely balanced before. In the water, the 
mercury loses 17 graius, or weighs but 22S grains, and 
-yti* — 14 , nearly the specific gravity of the mercury; or 
mercury is 14 times heavier than water.* 

The specific gravity of fluids may be fdund by means 
of the hydrostatic balance thus: to the scale z suspend 
any heavy substance, as a lump of glass; first w r eigh it 
in air, then in water, and lastly in the fluid to be exa¬ 
mined. Then, as the loss of weight in the fluid to the 
loss of weight in water, so is the specific gravity of wa¬ 
ter to the specific gravity df the fluid; or more •con¬ 
cisely, divide the loss of w ? eight in water by the loss of 


* This subject is treated of mncli more at large iMbe third vo* 
I time of the Scientific Dialogues. 
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weight in the fluid, the quotient will be the specific 
gravity of the fluid, that of water being one. 

For finding the specific gravities of fluids, the instiu- 
ment called an hydrometer is also used. This instru¬ 
ment, (fig. 10), consists of a copper ball b b, containing 
a few shot, or a little quicksilver, to keep it upright in a 
fluid, to which is soldered a flat brass wire A b, to ad¬ 
mit of graduations; the instrument is placed in the liquor 
to be examined, and by the degree marked on the scale, 
its specific gravity is determined. 

Ex. vii. To find by the hydrometer, the specific 
gravity, of water and spirit of wine; immerse the hydro¬ 
meter into vessels containing these fluids; in the water it 
will sink to the figure 10, and in the spirit 11.1; but it 
sinks deepest in the lighter fluid; therefore the specific 
gravity of the water to that of the spirit of wine, is as 
11.1 to 10. 

Hence the specific gravities of fluids, as estimated by 
the hydrometer, w'ill be to each other inversely as the 
parts of Che body immersed; that is, the hydrometer 
always sinks ttfe deepest in the fluid of the least specific 
gravity. It is the same with any thing else, as well as 
thp hydrometer. 

Ex. vin. A piece of very dry oak is nearly as heavy 
as water ^ accordingly if it be put into spirit of wine, it 
will sink beneath the surface; in water a small part will 
be above the surface, but iit mercury it will scarcely sink 
at all. 

The knowledge of the specific gravity of different 
bodies will explain the reason of the following experi¬ 
ments. 
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Ex 1 , ix. Fill the bulb b, (fig. 11), with port wine, 
to the top of the stem j, and then fill a with water; 
the lighter fluid will be always upwards, and the wine 
being lighter than water, will ascend through the water 
in a sort of fine red thread, till the water and wine have 
changed places. 

Ex. x. The small bottle a b, (fig. 12), has a very 
narrow neck, not more than the sixth of an inch in dia¬ 
meter ; it is filled with red wine, and then placed at the 
bottom of a jar of water, a few inches deeper than the 
bottle is high, and the wine will immediately begin to 
ascend and spread itself like a cloud over the surface of 
the water. 

Ex. xi. Let the bottle be filled with water, and 
then plunged with the neck downwards, in a vessel con¬ 
taining wine, and the wine will take place of the water. 

Ex. xii. Since the lighter fluids will be always up¬ 
permost, several fluids may, with a little dexterity, be 
placed upon one another in the same vessel, as so many 
distinct layers; thus, in an upright vessel, ten or, twelve 
inches high, and about three or four incfies in diameter, 
I can place water, and then on that, when the water is 
quite at rest, I place a piece of pasteboard, and pour 
port-wine on it; the pasteboard may be removed and 
brought to the top of the wine, and on it is«now to be 
poured oil; afterwards, in the same way, brandy, oil of 
turpentine, alcohol, and naphtha. You will find by the 
following table, that these substances are all in a regular 
gradation lighter than one another. 



120 


HYDROSTATICS. 


TABLE of Specific Gravities of different bodies , dis¬ 
tilled Water being 1*. 

Platina... 19.59 

Pure gold. 19.95 

Standard gold. 17.48 

Mercury. 14.09 

Lead. 11.35 

Standard Silver. 19.40 

Bismuth. 9.87 

Nickel. 8.66 

Cobalt_v. 7.81 

Copper. 7.78 

Steel. 7.81 

Bar Iron. 7.78 

Tin. 7.39 

Cast Iron. 7.20 

Zinc. 7.19 

Glass. 3.00 

Sulphur. 2.00 

Sulphuric acid. 2.00 

Nitric acid. 1.60 

Muriatic acid. 1.20 

Water. 1.00 

Oil. /. 0.9 3 

Brandy..**!.... 0 92 

Alcohol. 0.82 

Naphtha. 0.70 

The ascent of air balloons is to be accounted for on 
hydrostatital principles. An air-balloon is a bag of silk, 
or otyer light material, filled with inflammable air, or, 
as it is now called, hydrogen gas, which is several times 
lighter than common atmospherical air. If the balloon, 


* Distilled water is found to be of the same specific gravity iu all 
parts of the world; a cubical toot weighs 1000 ounces avoirdupoise. 




























IHE DIVING-BELL. 


■121 


with alt its apparatus, be lighter than an equal bulk of 
common air, it will ascend precisely as light wood, or a 
bladder of air would ascend, when immersed in a tub of 
water. Balloons are constructed differently, a9 with hot 
air, which, by rarefaction, may be as light again as 
common air, but the principle already explained is that 
upon which they all act. 

Lunardi was the first person, in this country, who as¬ 
cended in a car, attached to the bottom of a balloon. 
It was in September, 1784, he rose at £ o'clock in the 
afternoon, from the Artillery Ground, near Moorfields, 
London, by a balloon 33 feet in diameter, made of 
oiled silk, and painted in stripes of blue and red. lie 
took*with him a dog and a cat, and, being driven by a 
westerly wind, he travelled to Colliers Hill, about 5 
miles beyond Ware, in Hertfordshire, a distance of 25 
miles, in about r l\ hours. 

One of the last and most important exhibitions of this 
kind was by M. Garnerin, who ascended in the neigh¬ 
bourhood of Grosvenor square, to the height of. 8000 
feet, when he freed his car from the balloon, and de¬ 
scended by means of a parachute, to which it was at¬ 
tached : plate n. fig. 10 shows the ascent of a balloon, 
and fig. 11 the descent of Garnerin by means of the pa¬ 
rachute. 

You will naturally ask bow is it possible that a person 
descending from so great a height should be preserved 
by a parachute from being dashed to pieces ? 

We have already seen that heavy bodies, from the ef¬ 
fect of gravity, fall with a motion continually accelerated. 
This is strictly true in a vacuum, and would be equally 

G 



122* 


HYDROSTATICS. 


so in respelt to bodies fulling through a resistidg me¬ 
dium, were the resistance uniform; but the fact is other¬ 
wise, for resistance increases as the squares of the velo¬ 
cities. 

It has been ascertained by accurate experiments that 
bodies falling through the air with a velocity of 22 feet, 
per second, meet with a resistance equal to about one 
pound weight for every square Toot of surface directly 
opposed to the medium. 

Now, according to what has just been slated, that 
the resistance increases as the squares of the velocities; 
it follows, that double the velocity would give a re¬ 
sistance of four pounds to the square foot, and one half 
of the velocity a resistance of only one quarter* of a 
pound. 

The weight of Garnerin’s parachute and apparatus at¬ 
tached to it was about \ of a pound for every square 
foot of surface directly opposed to the air in its pro¬ 
gress downwards: so soon, therefore, as it had acquired 
the velocity o ( f 1 i feet per second, the lesistance and 
weight exactly balanced each other. This, in effect, 
was equivalent to a cessation of gravity, and consequently 
life machine could only continue to move with the uni¬ 
form velocity alieady acquired. 

The dfving bell likewise depends on hydrostatics! 
principles. Take a glass ^tumbler and thrust it into a 
vessel of water, with the mouth downward.*, and in a 
perpendicular direction; by putting a piece of cork under 
the glass, you will see that, however deep you thrust the 
tumbler, the water will only rise in it to a certain height, 
say j an inch; the air which it contains may be so much 
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compressed, but it will resist the entrance of a greater 
quantity of fluid; and on this principle the diving-bell 
is constructed; see fig. 13, which is the representation 
of one invented by Mr. Adam Walker. The balls at 
bottom are made of lead, and sufficiently heavy to sink 
the whole apparatus; it is let down by means of the 
rope and pulley x , fastened to a beam z, in a ship. A 
bended metal tube c 6, is attached to the outside of the 
machine with a stop-cock a , which the man within the 
bell may turn when he pleases: dc is o [eathern tube 
and pump, so fixed in the ship as to supply the diver in 
the bell with plenty of fresh air. 

By contrivances of this kind (though there are various 
sorts of diving-bells) the bottom of the sea may be ex¬ 
plored, and lost goods recovered with as much safety 
almost as on land. 
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LETTER XV. 

Hydraulics—Of the Telocity of spouting Flniij—Of the pressure 
against the side of a vessel—Clepsydra, or water-clocks—The 
Syphon—-Periodical Springs explained—Pumps-—Engines, &c. 

I shall now proceed to hydraulics, which teach 

us how to estimate the swiftness and the force of fluids 

« 

in motion. In a former letter I showed you that an 
open vessel, filled with water, and with two equal holes, 
at the bottom, and on the side close to the bottom, 
would spout equal quantities of water in equal times; at 
first the velocity of the water is the greatest, and it de¬ 
creases in strength as it continues to run. By hydraulics 
we point out the reason of this, and show how the velo¬ 
city and quantity of the fluid is to be measured. The 
rule is this, 

u The*velocity with which water spouts out at a hole 
in ll&e side or bottom of a vessel, is as the square root 
of the depth or distance of the hole below the surface of 
the water.* 

This rule is the result of the pressure of fluids against 
the sides of k vessel, which pressure increases against 
the whole side of the vessel as the square of the depth 
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of the vessel, which is proved by the most accurate xe- 
peritnents. Of course, to make double the quantity of a 
fluid run out through, one hole as through another of the 
same size, it will require four times the pressure, and, 
therefore, the aperture must be made at four times the 
depth of the other below the surface of the water; and, 
for the same reason, to obtain three times the quan¬ 
tity, the aperture must be nine times the depth, of the 
other. 

Experiment i. Let two pipes, of equal bores, be 
fixed in the side of a vessel, one four times as deep be¬ 
low the surface as the other, and, while the pipes run, 
the vessel must be kept constantly full, and then it will 
be found, that while th# upper pipe gives out one pint, 
the lower one will give out a quart. 

Ex. it. You will easily perceive that the pressure of 
fluids follows the same law as that which governs faffing 
bodies; suppose abed, fig. ], plate n. Hydrostatics, 
to be a cubical vessel filled with water, and # the side b 
c, to be accurately divided into a number of eqftal parts 
by the lines 7, 1; 8, 2; 9, 3, &c.; now, if the pres¬ 
sure on the upper division of the vessel a b 17 be equal 
to one ounce or one pound, that on the second wifi be 
equal to 3 ounces or pounds, that on the third will be 5 
ounces or pounds, and so on-; that is, the pressure on 
each part of the side follows the odd numbers J, 3, 5 , 
7,9, See., therefore, the pressures on the whole side will 
be as the squares of the depths; for, if the pressure on 
the first space be 1, and on the second 3, die pressure 
on the whole will be 4, the square of 2, and so of the 
rest. 
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Such, then, is the pressure of fluids against the sides 
of a vessel; the pressure on the bottom of a vessel, if of 
a cubical shape, is equal to the weight of the fluid. 
And as the pressure on any one side must be equal to 
half the pressure on the bottom, provided the sides and 
bottom are equal, therefore the pressure on the four 
sides and bottom of a cubical vessel will be equal to 
three limes the weight of the thud. 

I will consider the pressure of fluids with regard to 
their motion through pipes, which is subject to the same 
law. We base seen, that if a cock be placed at 1, and 
another - equal cock at 4, double the quantity will flow 
out at the lower one to what will proceed from the 
upper one. But as the quantity must be governed by 
the velocity, therefore the velocity with winch water 
spouts out at a hole in the side or bottom of the vessel, 
is as the square root of the distance of the hole below 
the surface of the water. That is, the velocity of the 
spouting fluid, at 1 being 1, it will at 4 be 2, which is 
the square root of 4, and at 9 it would be 3, and so on. 
Hence, if you had a very deep cistern, which was con¬ 
stantly kept full, and it had a cock a foot below the sur¬ 
face, and you wished to draw water from it three times 
faster, you must place the cock 9 feet from the top. 

^ence me pressure against the side of a vessel in¬ 
creases in proportion to the square of the depth, but the 
velocity of a spouting pipe increases as the squhre root 
of the depth. , 

* • * M • 

You will remember that the velocity of water running 

out of a vessel that empties itself, continually decreases, 
because, in proportion to the quantity drawn off, flic 
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surface descends, consequently the perpendicular depths 
become less and less. The spaces described by the de¬ 
scending surface, in equal poitions of time, are as the 
odd numbers 1, 3, 5, 7, [), &c., taken backwards; for 
suppose a vessel to empty itself in 6 minutes, then, ac¬ 
cording to the law already laid down, the side must be 
divided into 36 spaces. The water will descend through 
11 of these in the first minute 1 ; 9 in the second ; 7 in 
the third ; 5 in the fourth ; 3 in the fifth, and 1 in the 
sixth, and these together make up ih£ 36 parts, or the 
whole depth of the vessel. 

On this piiucipte depsydiae, or water-clocks* are con¬ 
structed ; suppose 1 contrive a vessel and a pipe that 
shall be exactly 12 hours in emptying; I divide the side 
of the vessel into 144 paits, which paits must be taken 
as the odd numbers 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 
21, 23. The surface will descend through 23 of these 
in the first hour; 21 the second ; 19 the third, and so 
on; therefore if the pipe began to flow precisely at ] 2 
o’clock, it would be one when the surface ha*d d'iscended 
through 23 parts; two when it had reached 23 + 21 or 
44 parts, and three o’clock when it had descended 23 + 
21 + 19, or 63 parts, and so of the rest. 

From the pressure of fluids upon banks of canals, 
rivers, reservoirs, &c., w r e learn the necessity there is of 
great strength, when the /ivers or reservoirs a^e very 
deep; for if there were two reservoirs, one a yard deep, 
and the other 4 yards deep; the strength of the hitter 
must, to be safe, be 16 times stronger titan that of the 
former, because the pressure increases as the square of 
the depths. 
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I will now describe another subject, corresponding, in 
some degree, to w hat has gone before. 

Let a n, fig. 2, represent a tall vessel of water, always 
kept full; from the centre is drawn a semicircle : three 
perpendicular lines are drawn, viz. d 2 at the centre, and 
c \, a 5 at equal distances from the centre, the one above 
and the other below it. By taking out the plug from the 
centre you will see the water spouts to m, and the dis¬ 
tance n m is double £?2;.but from c. and a it will spout 
in both cases to and n k is double c 1 or a 5. 

The general lule deduced from these experiments is, 
that the j horizontal distance to which a fluid will spout 
from au horizontal pipe, in any part of the side of an up¬ 
right vessel, below the surface of the fluid, is equal to 
tw ice the length of a perpendicular to the side of the ves¬ 
sel, drawn fiom them outh of the pipe to a semicircle 
described upon the altitude of the vessel. 

If, instead of' horizontal pipes, three others are fixed 
to point obliquely upwards at different angles, one 22£°, 
the secend at 45°, and the third at 674° * then the plugs 
being withdrawn, the stream of water will cut the curve 
line iu those places to which the lines were drawn. That 
which spouts from the centre reaches the point m, as it 
did from the centre horizontal pipe, and the two others 
reach to k'. Thus the pipe that is elevated at an angle 
of 45°, will throw water to tfre greatest distance, and so 
it is with regard to cannon ; that piece will carry a ball 
to the greatest distance which is elevated to an angle of 
45° : some, allowance is, however, to be m ade for the 
resistance of the air* 

Fluids, by their pressure, and by their always rising to 
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their first level, may easily be conveyed over hills and 
valleys, in bended pipes, to any height not greater than 
the level of the springs from whence they rise; hence the 
ponds at Hampstead jupply houses in London with water 
as readily as if the head of water were ever so near. Pipes 
are laid down the hill, and carried to the houses in town, 
and other pipes cariy the fluid to, perhaps, the first or 
second story, so that the water first falls and then rises. 
Where the valleys are deep, the pipes must be very^strong, 
because the pressure is as the square ofjlhe depth. 

Ex. iv. I shall now describe the principle of the 
syphon, pump, &c., and conclude this letter. The sy¬ 
phon, fig. 3, as you know, is a bended tube, the legs of 
which are of unequal lengths, and used to draw off 
water, wine, spirits, and other fluids, from vessels which 
cannot readily be moved from their places. If a bended 
tube, of rather a small bore, and whose legs are per¬ 
fectly equal, be filled with water, and turned downwards, 
the fluid will not run off, but remain suspended therein 
so long as it is exactly level, but by a small .inclination 
one leg is made in effect longer than the»other, thfe water 
will flow from that, and continue to run till the vessel is 
emptied. When the legs are equally long, the pressure 
of the atmosphere being kept off from above, and act¬ 
ing, at the same time, equally upon both the ends of the 
tube, prevents the motion of the fluid, but thO instant 
one leg is made longer than the other the balance *is de¬ 
stroyed, the weight of the longest will preponderate, and 
the fluid run off, through it. 

Ex. v. Take two jars and fill one with water; make 
use of such a syphon as that described, and you lhay, by 
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ft small inclination* of the tube, empty and till each at 
pleasure. 

Hence syphons are made with unequal legs, as that in 
the figure, and to make them act, both legs are filled 
with the tiuid you mean to draw off, and then, closing 
the ends with the fingers, immerse the shortest leg into 
the vessel, aud upon withdrawing the finger from the 
longer leg the liquor will flow. S\ phons are most com¬ 
monly used in the form of fig. 4, to the longer leg of 
which is attached a small sucking tube zx; by applying 
the mouth 4o z, the fluid is easily drawn over the bend y, 
and when once the syphon is thus tilled the liquor will 
flow out till the cask b is empty. 

Ex. vi. A syphon may be disguised in a cup, as 
fig. 5. The longer leg of the syphon passes through, 
aud 18 cemented into the bottom of the cup; if water 
be poured into the cup, so as not to stand as high as the 
bend of the tube, the water will remain as in any com¬ 
mon vessel, but if it be raised over the bended part of 
the syphon it will run over and continue to flow' till the 
vessel ia emptied. Sometimes a syphon is concealed in 
the handle of a drinking cup, in such a manner as to 
run over when a person begins to drink, in order to de¬ 
ceive the unwary, who will, in vain, endeavour to stop it, 
after it has once begun. 

Ex. vii. Upon the principle of the syphon, periodical 
springs are supposed to act, and may be thus explained. 
Uet A, fig. 6, be pari of a hill, within which there is a 
cft vity B B, filled by means of water draining through the 
pores of the hill; when the water rises to the level c, 
the vein, rtco, will be ftiH, and the water will run 
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through it as a syphon, and wiU empty the cavity b b, 
when it will stop till the cavity is again filled, which may 
not happen, perhaps, for weeks or mouths. 

Ex. vni. As water rises through bended pipes to 
ihe same level as the reservoir from which it proceeds, 
we can easily account for fountains ; for if near the bot¬ 
tom of a vessel a b, fig. 2, a small pipe m, is fastened, 
bending upwards, (he water will spout through the pipe, 
and rise nearly as high as the reservoir a. The reason 
of its not rising to a level with a is tha^its motion is im¬ 
peded by the friction of the pipe and by the resistance of 
the air. 

Ex. lx. The pump is one of the most useful of do¬ 
mestic instruments. In comparison of those who are 
beuefitted by a pump, few, probably, understand its 
structure and manner of operation, but, I hope, by 
means of the annexed figures, you will compifehend the 
subject w ithout difficulty. Fig, 7% a represents a ring of 
Wood or metal, with leather fastened round it, to fit the 
cylinder a, very close. Over the hole is a lid s f covered 
with leather, part of which serves for # hinge; "by this 
it rises and falls. It is called a valve, and, as it opens 
only upward, it will not admit of any fluid back again; 
the same may be said of the low'er valve v. 

The pump is supposed to stand in a well of water w; 
h is the handle by which the rod r, and valve s, ar& 
moved up and down in the # barrel. When the rod r is 
forced down, the valve s opens and admits the air in the 
barrel to get above it, but, in rising, the valve is fast, and 
no air can repass : underneath, then, is a partial vacuum, 
and the pressure of the .water will open the valve v , and, 
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come into the barrel a ; now when the handle is worked 
up and down two or three times the water will get above 
the valve s, and, when drawn up, will flow out of the 
pipe.* 

This kind of pump was formerly called the sticking 
pump, because its operation was supposed to depend on 
a principle of suction, an opinion that has been long 
since exploded. It is the pressure of the air which 
causes the water to rise and follow the piston as it is 
drawn up, and since a column of water 33 feet high, is 
of equal weight with a column of the air from the earth 
to the top of the atmosphere, therefore the perpendi¬ 
cular height of the piston from the surface of the water 
must be always less than 33 feet, or the water will never 
get above the bucket; but when the height is less, or 
about 27 or 28 feet, the pressure of the atmosphere will 
be greater titan the weight of the water in the pump, 
and wilt, therefore, raise it above the bucket, when it 
may be lifted to any height, if the piston-rod be made 
long enough, and a sufficient degree of force be em¬ 
ployed. < 

Fig. 8 will show the operation of a forcing-pump, 
which not only raises the water into the barrel, like the 
common pump, but afterwards forces it up into the re¬ 
servoir K K. The pipe and the barrel are the same as 
inf the other pump, but the piston ® has no valve, it is 
solid* and heavy, and made air tight, so that no water can 
get above it. In the beginning of the operation the pis¬ 
ton, or, as it is usually called, the plunger 6, is close 
down upon the valve a t and by drawing it up, a vacuum 
is made between a and o, into which the water w, in the 



OF THE PUMP. 


13*3 


w ell, rises by the pressure of the air. When the plunger 
is forced down again, the water cannot return by a , 
but will be forced through the 'pipe m, and the valve b, 
into the vessel K; and as the pipe f i, is fixed into the 
top of the vessel, and is made air-tight, no air can escape 
out of it after the water is higher than 2 , the edge of the 
pipe; but the whole quantity of air, which occupied the 
space F i t is compressed into the smaller space h F, and 
the compressing force of the air forces it through the 
pipe, and the more the air is condensed, the higher will 
the stream rise. 

Engines for extinguishing fires, and garden engines, 
are constructed on this principle, only with twcfbarrels, 
having pistons moving up and down alternately in order 
to produce a constant stream. 

You will observe that, as in the case of fire-engines, 
it is not necessary for the engine to be close to the head 
of water from which it is supplied, but a leathern pipe 
may bring the water from a considerable distance to the 
spot where the engine is to act; so, in pumps, there are 
many instances where it would be inconvenient) if not 
impossible, to fix them perpendicularly over the well: 
suppose the well at A, fig. 9, and the situation of the 
pump at a ; then the barrel B, may be sunk to a l£vel 
with the water in the well, and made to communicate 
by means of the pipe c. The bucket will, ift this situa¬ 
tion, have as much effect,as if the well were immedi¬ 
ately under the pump,‘because the pressure of the air on 
the water in the well, will always keep the pipe a e c 
full. 
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Pneumatics—Properties of Air described—Experiments to prove 
the Air a reacting substance—Weight of Air in a Room ascer¬ 
tained—Pressure of tbe Air demonstrated—Methods of weighing 

the Air—The Elasticity of the Air shewn—Of the Fountain in 

a - 

vacuo. 

The air which we breathe, and on which we depend 
every moment of our Jives for existence, is as much a 
fluid as water, concerning which 1 have, in my former 
letters, treated at large. The air envelopes the earth, 
and extends to a considerable height above its mu face; 
by this the clouds and vapours, so common in our cli¬ 
mate, ure supported, and tbe whole is usually denomi¬ 
nated the atmosphere, it is known to possess gravity 
in common with other terrestrial subjects, and, being a 
fluid, it must press upon bodies in proportion to its 
depth, and its pressure is, like that of other fluids*, in every 
direction. ' It differs, however, from them in some par¬ 
ticular^ : 1. It may be compressed into a much less space 
than it usually occupies. 2. It cannot be congealed into 
a solid substance, like water, into ice. 3. Its density de¬ 
creases in proportion to its height above the surface of, 






























PROPERTIES OF AIR. 1 85 

the earth. 4. It is very elastic, and the force of elas¬ 
ticity is equal to its density. 

The science of Pneumatics is usually devoted to the 
consideration of the mechanical properties of air, such~as 
its pressure, weight, density, elasticity, and compres¬ 
sibility. 

mf 

That the air is a substance capable of resistance, like 
other bodies, is evident from a few simple experiments. 

Experiment i. A whip, or a thin stick, passed 
swiftly through the air, shows, by the sound, that it meets 
with a res it mg body. By swinging the hand, edgeways, 
quickly up and down we obtain a complete idea of se¬ 
parating the parts of some resisting medium. The mo¬ 
tion of a fan proves likewise the resistance of air. 

Ex. ii. Au open bladder may be pressed into any 
shape; but if it be filled with air, and the neck tied fast, 
it will be as much impossible to bring the sides nf «the 
bladder together as it would if it contained a brick or & 
stone. ~ . ' - 

Ex. ui. Upon a vessel of water place a cork, and 
invert over it, perpendicularly, a glass tiqpbler, and you 
may force the glass as low as you please, but the cork 
within the glass will never rise so high as the water with¬ 
out, hence it is assumed that there is some other sub¬ 
stance within the glass, which occupies the space in 
which the water cannot come. Let the air bscape by 
bringing the edge of the tipnbler just above the water, 
and then the cork will stand at the same level within as 
the water does without * 

Ex. iv* Open a pair of common bellows, and stop 
the nozzle with a cork, and np power ca$ bring. tljQ 
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boards together without forcing out the cork, or bursting 
the leather. 

The air is invisible, because it is perfectly transparent, 
and though, in common language, we say, “ such a ves¬ 
sel is empty,” “ there is nothing in that bottle or glass,” 
yet we do not mean to say that the air is excluded from 
them, but as, to the eye, the air is not visible, so, in ge¬ 
neral, we take no heed of it as a substance every where 
existing. Nevertheless the air weighs, at a medium, as 
we shall see, about 14 or 15 grains for every quart: 
or, to speak* more accurately, it is about 600 times 
lighter than water. We say a room, destitute of fur¬ 
niture, la empty, and yet, if it be a tolerably sized apart¬ 
ment, the air contained in it weighs much more than 
would at first be credited. The room in which I sit is 
18 feet long, 15 feet wide, and 10 feet high; now, as is 
the note * below', the air contained in every 
room of this size, weighs 3375 ounces avoirdupoise, or 
211 pounds. In buildings, or any part of them, it is 
impracticable, if the attempt were made, to exclude the 
air; but in smaller vessels, as glass receivers, the thing is 
done very readily by means of the air-pump, lb instru¬ 
ment which 1 shall now describe. 

A A, fig. 1, plate Pneumatics, are two strong brass 
barrels, within each of which, at the bottom, is fixed a 

* The capacity of the room is found by multiplying tbc length, 
width, and height together, equal to 18xl5xl0:=:$70(> cubic feet; 
but We have seen that each cubic foot of water weighs 1000 ounces. 
Then the room filled with water, would contain $,700,00002., and, 

as afr is 800 times lighter than water, we have ?^^?-r3375 ounces 

for the weight of the all* in the room. See page 120. 
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valve, opening upwards; these valves communicate with 
a concealed pipe or channel that leads to K. Iti the 
barrels a a, there are two pistons, with valves opening 
upwards likewise; these are moved up and down by 
means of the racks c c, and handle b. The glass re¬ 
ceiver l, is placed ou a very smooth brass plate K, and 
which, by means of |pet leather, or a little grease, is ren¬ 
dered air tight. Having shut the cock v, the pistons 
are worked by the winch, and the air escapes by means 
of the valves, which, opening upwards oTdyj will no.t ad¬ 
mit the air back again, and .in a few turns of the handle 
the air will be so far exhausted as to fix the receiver L 
last to the plate, so as to be absolutely immoveable, till 
the air is admitted again through the cock v. 

The small receiver w a>, contains a bottle with some 
quicksilver in it. The inside of the receiver w w, com - 
municates with the inside of the large receiver L, and at 
fast as the air is exhausted in the one, it is in the other 
also, and in proportion to live degree of exhaustion the 
mercury sinks in the tube, as will be explained wbjyi we 
treat on fhe principle of the barometer. 

The air, being a gravitating fluid, presses like other 
fluids, in every direction, upon whatever is immersed in 
it, and in proportion to the depths. It is known, by the 
barometer, that the pressure of the atmosphere is less 
upon a high mountain than on the plain beneath. 

Ex. v. Fill a wine-glass with water to the brim, and 
cover it with a piece of writing paper; then place the 
palm of the hand over the paper, so as to hold it evenly 
down, and turn up the glass, after which the liand may 
be removed without the water running out. This effect 
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is produced wholly by the pressure of the external air 
upon the surface of the paper. 

Ex. vi. Place the little glass a b, fig. 2, which is 
open both ends, over the hole k, of the plate on the 
air-pump, and lay one hand close on the top, while, with 
the other, you turn the handle of the pump a few times, 
and you will perceive how great the pressure of the air 
is by the paiu which it excites. 

Ex. vii. You may next invert the glass,'Quid let the 
wide end be*uppermost, on w hich tie very closely apiece 
of wet bladder: place it as before and exhaust the air, 
and, after a single turn of the handle of the air-pump, 
the bladder will become concave by the greater pressure 
from without to what there is within, and after a few 
more turns it will burst, by the pressure, with a most 
violent report. A piece of thin glass may be broken in 
the same manner. 

Ex. vm. a, fig. 3, is a glass bubble, an inch or two 
in diameter, with a long neck; it is placed with the neck 
dowjnwards; which.neck, though open, having a narrow 
bore, is pi evented by the pressure of the air^from per¬ 
mitting the water to flow out. But put the jar b, in 
which it stands, under a on the plate of the air-pump, 
and exhaust the air; and when the pressure from the ex¬ 
ternal air is removed, the w'ater will flow out in a stream. 
Admit the. air again, by turning the cock v, and the pres¬ 
sure which it occasions will force the water instantly into 
the bubble. Still you will perceive a small bubble of 
air at r the top, this is owing to the imperfect exhaustion 

of the ait; and that bubble of air, small as it appears, 

* 

is what, by its elasticity, forced out the water, when the 
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external pressure was removed; and what, in its expanded 
state, tilled the whole glass ball. 

Many of the experiments belonging to this subject 
were formerly supposed to be performed by the prin¬ 
ciple of suction. But that which has just now been de¬ 
scribed cannot be accounted for but by pressure. The 
following is, however, stiH more conclusive: 

Ex. ix. On the plate of the air-pump, and at a 
little distance from the hole K, place the^small glass re¬ 
ceiver .r, fig. 4, (to prevent the air from getting under it, 
a little oil or water should be put round the external 
edges,) cover it with a larger receiver, a b, and Exhaust 
the air from the latter, and it will find it9 way out of 
the small one likewise. When the large one is immove¬ 
able by the pressure of the air, the other will be loose, 
as may be known by shaking the pump; now if «"~\.jn 
had been the cause that fastened dotvn the one, it must 
have fastened the other also. Turn the cock v quickly; 
the air, by being admitted, suddenly*loosens the large re¬ 
ceiver, and renders the little one absolute immoveable. 
Hence y$h must infer that th£ air being admitted into 
the receiver becomes a balance for the external piessure, 
and sets the large glass free; but the water round the edge 
of the smaller one prevents the air from getting under¬ 
neath it, while, by its pressure externally, it fixes the 
glass down most firmly. 

By this principle of pressure many facts are explained 
very readily; thus you have seen boys draw up a heavy 
stone, by sticking on it a round piece of moistened lea¬ 
ther. For by pressing the wet leather on the* stone, the 
air is completely displaced, and, therefore, there being 
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no internal pressure under the leather to* balance that 
which is without, a greater power than the weight of the 
stone is required to "separate the leather from it. 

Ex. x. The hemispheres, fig. 5, consist of two brass 
cups made in an hemispherical form, when these are put 
together and the air exhausted, it will require a very 
great power to separate them. To make the experiment, 
the screw d, is to be put into the hole k, fig. 1, and the 
hemispheres are to be closed and the air exhausted; after 
which the cuck is to be turned, and the whole to be un¬ 
screwed from the pump plate. Tw’o people will now 
find lEL’jeh difficult} 7 in separating the parts by main 
streugth ; but if they are hung up in a glass receiver and 
the external air taken away, they will separate of them¬ 
selves. 

3 

■ai Pto.xi- F>g- 6 is called the transferrer, and is admi¬ 
rably calculated to shew the effects of the air’s pressure. 
The screw fits on to the plate of the air-pump, and, 
there being a channel along a d b, by means of the stop¬ 
cock” 6 and Hij the air may be taken away from both or 
either of the receivers i and k at pleasure. When the 
screw c, is fastened on to the pump plate at k, the re¬ 
ceivers are lQose, but as soon as the air is exhausted they 
become immoveable; turn the cock d , and they will re¬ 
main so.* The air, by turning d and g, may be let into 
the receiver i, while the communication is cut off from 
x. l is now free and x fast, but if g be again turned 
to prevent the admission of more air into l, and h opened, 
then the quantity of air in i will be equally diffused be¬ 
tween the two receivers i and k, and being only half as 
dense as the external air, they will both be fastened down 
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by the pressure from without, that within not being a 
balance for it. 

Ex. xn. Some small square glass bottles are ex¬ 
hausted of air, and, during the operation, the pressure 
from without, when the inner and opposing pressure is 
taken away, will break them in a thousand pieces. 

Ex. xii i. By another contrivance, mercury may, by 
the pressure of the air, be forced through the pores of 
solid wood like a shower of rain. 

Ex. xiv. What is called the fouiUain in vacuo is 
effected by the pressure of the atmosphere; from the 
receiver h, fig. 7, the air is exhausted, and the ^ipe a b, 
which communicates with the inside of it, is put into a 
vessel of w'ater w, the cock x turned, and the pressure 
on the surface of the water forces it up through the pipe 
in a beautiful fountain. 

A very ingenious application of atmospheric *|nessure 
may be seen in the royal mint, where cylinders, with pis¬ 
tons very accurately fitted to them, are actually used in 
the place of springs. 

Having given you, I think, a complete illustration of 
the pressure of the air, I come to speak of its weight, 
which is exhibited by the following experiment. # 

Ex. xv. Fig. 8 represents a Florence flask d, hang¬ 
ing on one side of a scale beam, and balanced by the 
scale and weights, d is fitted up with a screw and valve, 
by which it may be screwed on the air-pump plate and 
exhausted of its air, and it will be found that it weighs 
15 or 16 grains less when exhausted than when it is full 
of air. Nothing can be more satisfactory than this ex¬ 
periment, for the moment the valve is opened, by being 
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lifted up with a common needle, the air rushes in with 
a hissing noise* and the original weight is restored. 

The air is not always of the same density; sometimes 
the quantity contained in that small bottle will weigh ‘ 
a grain more or less than it will at others. These changes 
in the atmosphere are commonly ascertained by meaus 
of the barometer, the construction and principle of which 
will be explained hereafter. 

That the air is an highly elastic body is proved in va¬ 
rious ways. 

Ex. xvi. Take a hladder and blow it up with air, 
and, while full, let the mouth be accurately tied up, to 
prevent'its escaping. If you now r press it with the fin- 

>vt 

ger, an impression will be made upon it; but the moment 
the hand is removed, it will recover its former shape. 
Throw it on the ground, and it will rebound like any 
o?ill. r< c/.astic substance; this must be caused by the air 
and not by the bladder, because the latter has little or no 
disposition to elasticity. 

Ex. xvn. A bladder containing a very small quan¬ 
tity tfi air, if c’osely tied up by the mouth, will, under 
the common pressure of the atmosphere, exhibit no signs 

of elasticity; but if it be enclosed in the receiver of an 
<• 

air-pump, and the external air taken away, then that in 
the bladder, however small the quantity, will distend and 
completely fill it; so great will be its elastic force, that 
if it be put in a box with l moveable lid, and weights 
placed on the lid, the elasticity of the air contained in 
the bladder will raise up lid and weights too. 

Ex. xvi 11. If a thin square glass bottle be herme¬ 
tically sealed, but full of air, then put under a glass re- 
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ceiver, and the surrounding air taken sway, the elastic 
force of that wi'hin will burst the bott!e*in a thousand 
pieces. 

Whatever is elastic is capable of being reduced into 
a smaller space than it naturally occupies ; hence air is 
very compressible. 

Ex. xix. A bended tube, a b c, fig. (J, is closed at 
a and open at c. It is, in the usual state, full of air; 
pour some quicksilver into it jus( to cover the bottom 
a b , the air is then in each leg of the saftnei density, and 
as that in a b cannot escape^ because the lighter fluid 
will be always uppermost, when more quickiylver is 
poured in at c, its pressure will condense the air in the 
leg A B; for the air which filled the whole of the part 
of the tube, is, by the weight of the quicksilver in the 
other part c b, pressed into the smaller space a x, whirji 
space will be diminished as the weight is increased; so 
that by increasing the length of the column of mercury 
in c b f the air in a a must be more and more condensed. 

From this and other experiments it is asctrluinerjjhat 
the elastic spring of air is always, and under all circum¬ 
stances, equal to the force which compresses it; for if 
the spring, with which the air "endeavours to expand it¬ 
self, were less than the compressing force, it must yield 
still further; that is, in the present case, if the*spring of 
the air in A x were less than equal to the weight of the 
mercury in the other leg, it would be toned into a yet 
smaller space; but if the spring weie greater than the 
weight pressing upon it, it would not have yielded so 
much, because action and re-action are equal; and act hi 
opposite directions. 
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Hence the.reason is evident why the air near the earth 
is more dense* than that above it, and why it continually 
decreases in density till at last it degenerates to nothing. 
The fact is ascertained by experiment and observation, 
and it has been illustrated in this way: suppose a num¬ 
ber of packs of wool piled one upon another, the low¬ 
est will, by the weight of all the others above it, be for¬ 
ced into a less space than the next; that is, its parts 
will be brought nearer together, and it will be denser 
than the next, und that will be more dense than the one 
above it, and so on, till you come to the uppermost, 
which ^sustains no other pressure than what is occa¬ 
sioned by the weight of the atmosphere. T he atmos¬ 
phere is supposed to reach about 40 or 50 miles iu 
height. 

Ex. xx. The effects of condensed air are admi- 

er- - 

rably exhibited by the artificial fountain, which is a ves¬ 
sel usually made of strong copper, as is represented by 
fig. IQ. F is about half full of water, and the pipe a b, 
to ighich is attached a stop-cock x, reaches just below 
the surface ol the water; to this pipe a syringe is 
adapted to force a large quantity of air into the vessel 
f, so that in the space above the water, ten or twenty 
times the quantity of air is condensed than it would na¬ 
turally contain; and it cannot possibly escape by means 
of the syringe during the operation, because the .valve 
only opens downwards, and the endeavour to escape 
shuts it the closer; nor can it get back through the tube 
b a , for that end b of the tube being under the water, 
the air to. ascend through the tube must first descend 
below the water, which is impossible, as the lighter fluid 
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can never sink beneath the heavier. When a sufficient 
quantity of air is forced in, turn the cock x, take off the 
syringe and put on a jet of any form and shape, and you 
will get a corresponding kind of fountain. 

Fountains of this kind, if properly placed when the 
sun shines, will exhibit artificial rainbows. 
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Miscellaneous Experiments—Torricellian Experiment—Action ot 
the barometer explained—Rule forjudging of the Weather—Con¬ 
struction and uses of the Hydrometer—Rain-gauge and Thermo¬ 
meter—Scale of Heat. 

I shall now describe a few miscellaneous experi¬ 
ments, and then refer to some important instruments 
connected with, and principally dependant upon the sci¬ 
ence of Pneumatics : and connected also with the com¬ 
forts and conveniences of life. 

Experiment i. The vanes a and b, fig. 11, are so 
contrived by the springs, c , to be set off at once ; a is 
placed edgeways, and b with the surface of the leaves 
so as to meet with all the resistance of, the air. In the 
open air the vane a will move round ten times as long 
as b e . because it meets with little or no resistance from 
the air; hut in an exhausted receiver they will both 
move much longer than either of them did in the open 
aif ; and as they now turn in an unresisting medium they 
will both stop together, because the only obstacle to 
their, motion is the friction of the axis, which is the same 
in both. 

Ex. ii. Drop from your hand at the same time a 
guinea and a feather, or very light wafer, the guinea will 
reach the floor first, because the resistance of the air has 
much more, effect upon light than upon heavy bodies, or 
it impedes most the motion of those bodies that have the 
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least momentum; but take away the air, and both will 
fall to the bottom at once. The flaps a a, fig. 12, are 
contrived to sustain two bodies, as a guinea and feather, 
and are kept in a horizontal position by means of the 
support x. When the tall receiver a b, is placed over 
the plate of an air-pump and exhausted pf its air, by 
turning the screw z, the flaps fall into the position as 
represented in the figure, and, if you are very attentive 
to the experiment, you will find the guinea and feather 
at the bottom in the same instant. In this*case, though 
the momentum of the guinea is much greater than that 
of the feather, yet as there is no resisting mediflm, and 
as we have seen, page 25, the effect of gravity is in pro¬ 
portion to the quantities of matter, they will both tend 
with the same velocity to the centre of the earth. 

Ex. hi. If the air be taken from the pope: a 

piece of dry wood, by placing it under the receiver of 
an air-pump while the air is exhausted, and then kept 
under the surface of mercury while the air is suddenly 
admitted, the fluid metal will, by the pre^ure of th^ir, 
be forced into the pores of the wood, as will be evident 
to the sight by splitting the wood. 

Ex. iv. Place a shrivelled apple under the receiver 
of an air-pump, and exhaust the air from the receiver, 
and that which the fruit contains in itself will make it 
appear as plump and well-looking as if just taken from 
a tree; but the moment the air is re-admitted, it will 
return to its former shrivelled state. 

Ex. v. If a new-laid egg, with a portion of its small 
end cut off, be put under the receiver of an* air-pump, 
and the air taken away, the small bubble o£ air contained 

H 2 
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in the great end will, by its elastic force, expand and 
drive out the contents of the egg from the shell. 

Ex. vi. Beer, made pretty warm, and put under the 
receiver of an air-pump, will, when the air is nearly ex¬ 
hausted, appear to boil. 

Ex. vii. The smoke of a candle will ascend in the 
air, but in an exhausted receiver it will fall to the bot¬ 
tom like any other heavy body, which shews that it gene¬ 
rally ascends, because it is lighter than the surrounding 
air. 

Ex. vni. The sound of a bell may be heard under 
a glass receiver while it is full of air, but when that is 
taken away there will be scarcely any sound, which 
proves that air is necessary to the propagation of sound. 

Ex. lx. In condensed air the sound of a bell is much 
lounii ifcan in air of the common density. 

Ex. x. Animals will not live, nor candles burn for 
a single instant, in an exhausted receiver. 

Ex. xi. Suspend at one end of a balance a large 
piece of cork o^dry sponge, and let it be counterpoised 
by a leaden weight. There is now an equilibrium be¬ 
tween the two bodies; put them under a glass receiver 
and exhaust the air, when the cork or sponge will pre¬ 
ponderate, and show itself heavier than the lead; but 
admit the air and the equilibrium will be restored. This 
fact is thus explained: the a> is a fluid, and bodies lose 
as much of tlheir weight in it as is equal to the weight 
of their bulk of the fluid in which they are immersed; 
the coik/bemg the larger body, loses more of its real 
weight than the lead, and therefore must be heavier, 
under the disadvantage of losing some of its weight, 
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which disadvantage being removed by exhaulting the 
air, the bodies gravitate according to their real quantities 
of matter, and the cork which balanced the lead in air, 
shews itself to be the heavier body, or to contain a greater 
quantity of matter, when in vacuo. Hence the truth of 
the saying, that a pound of feathers is heavier than a pound 
of lead. 

I have hitherto described our experiments upon live 
supposition that the air could be perfectly exhausted from 
vessels by means of the air-pump: this however is im¬ 
possible, there must always remain a small* quantity, but 
it is so small, after 12 or 14 turns of the handle of the 
pump, as to deserve little notice; for if the receiver hold 
a gallon or 60 grains of air it would not contain much 
above the 5000th * part of that quantity, or the - 8 \ part 
of a gram, after a dozen turns of the handle. 

Ex. x 11. If you take a glass tube closed a^one^d 
of about half ail inch in diameter, and 33 or 34 inches 
long, fill it with mercury, and invert it in a bason of the 
same metal, taking care to keep your finger or thumb 
over the open end of the tube till it is below the e*uface 
of the mercury in the bason, you will then observe that 

the mercury sinks to about 4 or 5 inches, and the empty 

• 

* If each barrel of the air pump contained as much as the re¬ 
ceiver, then one half of the air would be taken away at one turn, 
and of course one half of the remaining quantity at th’fe next* turu ? 
and so on for each successive turn of the hand ; so that the quantity 
will be diminished each turn in £ geometiical ratio thus; £ ; 1J ; 

•hi Ti ; 6?; d*; ; vh ; itfe ; im > the barrels of 

the pump should not bear so large a proportion to the capacity of 
the leceiver, yet an additional turn or two of the handle w ; ll more 
than compensate for the difference. 
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space above it is a perfect vacuum. lu other woids the 
mercury will always stand in such a tube, somewhere 
between 28 and 31 inches in height, according to the 
density of the air. Upon this principle barometers, or, 
as they are sometimes called, weather-glasses, are con¬ 
structed. I have for many years been an attentive ob¬ 
server of the variations of the barometer, and have never 
seen the mercury so high as 31 inches, nor so low as 28 
inches. To prove that this suspension of the mercury 
in the tube is wholly owing to the pressure of the air 
on the mercury in the bason, take a vessel n, fig. 13, 
containing some quicksilver, and a tube gf y 33 inches 
long, open at both ends, immersed in it; let them be 
placed uuder a large receiver x z: c is a brass cover 
with a syringe h. Every thing is to be made secure and 
air tight, by means of wet leathers at the bottom and 
top'or the receiver. Now by lifting up the handle j, a 
partial vacuum is made in the little tube gf y to which 
the syringe is screwed, consequently the pressure of the 
air on the mercury in the vessel n, forces it up to some 
height in the tube, as to x, just as water in a common 
pump follows the piston. 

v To shew 1 that this is not owing to suction, you may 
place (he apparatus over the air-pump plate, and exhaust 
the air from the receiver x z; in doing which no change 
whatever is produced in the air of the tube, but the mer¬ 
cury in it Will fall into the ctip d; and so long as the re¬ 
ceiver X 2 is void of air, the syringe may be worked 
without raising in the least the mercury in the tube. 
This is Called the Torricellian experiment, in honour of 
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Torricelli, a learned Italian, who invented it, and to 
whom we are indebted for the discovery of the weight 
and pressure of the air. 

Ex. xi ii. You now understand the principle of the 
barometer, the mercury of which rises and falls in exact 
proportion to the density of the atmosphere that presses 
upon the mercury in the box. a d, fig. 14, is a glass 
tube 32 or 33 inches long, closed at A, which is filled 
with very pure mercury, and inverted in the box d, con¬ 
taining the same metal; and to the upp^part, in which 
the variations of the height of the mercury are risibld, 
there is a scale, such as fig. 15, to mark those variations. 
As I have before said, the mercury never rfses to 31 
inches, nor falls so low as 28 inches, because a column 
of the atmosphere is never equal in weight to a column 
of mercury 31 inches long, and is always greater than a 
columu of the same metal 28 inches long. 

Hence as water will never follow in the piston of a 
pump more than 33 or 34 feet, so mercury will never 

*tv 

follow the working of a syringe above 31 inches. In 
other words a column of the atmospbete which is about 
45 miles high, a column of water about 32 feet high, and 
a column of mercury about 30 inches, are equal in weight 
to each other; and as the air is clear and dense the 
mercury rises, as it is lighter it falls. The scale a & 
only marks the variations to the of an inch, but by 
using that and the little scSle xz, called a Vernier, from 
the inventor’s name, the variations to the hundredth part 
of an inch are easily read off. 

Although the scale varies only from 28 to 31 inches, 
yet it is supposed to begin from the surface of the mer- 
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cury in the cup d. * The Vernier plate xz is moveable, 
so that when the height of the mercury is to be taken, 
the index lAust be set to the upper surface of the column 
of mercury. The large scale is divided into tenths of 
an inch, but the length of the Vernier is eleven tenths, 
and divided into ten equal parts; of course each of the 
ten parts on the Vernier is equal to the tenth of an inch, 
and a tenth part of a tenth. But the tenth part of a 
tenth is equal to a hundredth part, for one tenth divided 
by ten is equ. 1 to one hundredth.* Suppose the index 
of the Vernier to coincide exactly with one of the divi¬ 
sions of the scale of variation as c ~9-6, then we say the 
height o; the mercury is 29 . 6 , but if it be, as in the 
figure, a little above the sixth division, we look and see 
what divisions on the Vernier and the other scale ex- 

1 

actly coincide with each other, which*we find is the 
second, rnd then we say the height of the mercury is 
29 . 62 . 

The mercury in the barometer seldom stands steadily 
for any length of time, it is continually rising and falling, 
and h, these variations we are in the habit of anticipat¬ 
ing certain alterations in the state of the atmosphere : the 
following rules are supposed as accurate as our present 
state of knowledge will afford. 

1. The rising of the mercury presages in general fair 
weather, and its falling bad weather, as rain, snow, 
wind, &c. 

* To divide a fraction by any whole number is to multiply the 
denominator of the fraction by that number; thus 

1_ 2 _. 

aoxiO““aoo 
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2. In extremely hot weather the falling of the mercury 
foretels thunder. 

3. In the winter months the rising of the mercury 
presages frost, and in frosty weather, if the mercui^r fall 
from £ to -j an inch, or more, it is almost a sure sign of 
a thaw. 

4. If bad weather happen almost immediately after 
the sinking of the mercury, it will not last very long. 

5 . In bad weather, when the mercury«£ie>es much and 
high, and continues to rise two or three days before the 
bad weather is over, then a continuance of fair weather 
will probably follow. 

G. In fair weather, when the mercury falls for two or 
three, or more days before the rain comes on, then a 
good deal of wet may be expected, and probably high 
w inds. 

7. The unsettled motion of the mercury denotes un¬ 
certain and changeable weather. 

After all, in our observations, we must not rely so much 
on the height of the mercury as on its moyon up anddrwn. 
Nor is this wholly to be depended on. 

Ollier instruments are necessary to the meteorologist 
besides the barometer; as the hygrometer, rain gaug*e, 
and thermometer. 

The hygrometer is an instrument for ascertaining the 
degree of dryness or moistiye of the atmosphere. Hy¬ 
grometers are of various constructions; some are made 
with hempen strings, which are known to shorten in 
moist weather, and to lengthen when the atmosphere is 
very dry. Others are made of the beard 'of the wild* 

h 3 
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odt, which by twisting and untwisting in moist and dry 
weather moves an index attached to it: and some are 
nrtdfe by balancing a large piece of sponge aguinst a cer¬ 
tain weight: in damp weather the sponge imbibes the 
moisture and preponderates, and the reverse in very dry 
weather. 

The rain gauge is used to ascertain the quantity of 
rain that falls on each square foot of the earth’s surface. 
A very good' i ajn-gauge consists of a hollow cylinder, 
having within it a cork-ball attached to a wooden stem 
which passes through a small opening at the top ; on 
this is placed a funnel. The water is collected in the 
fun»*l, which causes the cork to float, and the quantity 
is ascertained by the height to which the graduated stem 
of the float is raised. After every observation the water 
is drawn’off by a pipe. The diameter of the funnel is 
exactly 12 inches, and that of the tube four inches, and 
as the areas of plane figures are to one another as the 
squares of the diameters, the area of the funnel is to 
the 3rea of the kibe as 12*:4 3 , or as 144: 16 or dividing 
both by 16 as 9: 1 *• if then the water in the tube be 
raised 9 inches, the rain fallen, w ill, in the area of the 
funnel, which is the true gauge, be only one inch: the 
floating index with the cork shews the rise of the water in 
the gauge ; so that if the float be raised 1 or 2 or 3 inches, 
the depth of rain fallen wiJl be ■Jtb, fjtlis, or Jths. 

A good common rain-gauge consists of a funnel con¬ 
taining at the opening an area of exactly ten square 
inches, which is put into a common bottle, and the 
weight of the rain collected in this is to be weighed, and 
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for every ounce 173 parts of an inch are to be allowed' 1 ; 
thus suppose in a given time 12 ounces/be collected 
in this gauge, then 1.73 x 12=2.076 which shews that 
the depth of rain fallen is equal to rather more than two 
inches.* 

The thermometer is intended to mark the changes in 
the temperature of the atmosphere. It consists of mer¬ 
cury, oil, or alcohol, enclosed in a glass tube, which is 
fixed to a graduated frame. There are jnany kinds of 
thermometers, but that used in thi^ country is called 
Fahrenheit’s, from the inventor; it is represented in fig. 
1(5; A is the bulb containing themercury, apd a b the 
tube hermetically sealed, and it is so contrived as to be 
perfectly free from air; the mercury in the figui^tands 
at 55 , by heat it rises, and by cold it sinks. The 
tube is fastened to the frame, and the scale is thus 
foimed. Ice or snow is always of the same tempera¬ 
ture: so also is boiling water; these then may be re¬ 
gal ded as the standard points from which the scale 
proceeds. 

The tube is put into pounded ice, and when it has 
remained in it sufficiently long to come to its lowest 
temperature the place of the upper edge of the mer¬ 
cury is marked 32'; it is then gradually introduced into 
boiling water, and when it will rise no higher, the alti¬ 
tude of the mercury is marked 212’. The space be- 

* The reason of the lule is this : every (gallon of pure rain water 
weighs Blh. 5 oz. * avoirdupoise, or 133.66 ounce*, ami coulains in 
measure 231 inches, and 231-—133. 66, gives 1.73 nearly, that is, 
every ounce of water may be estimated at 1.73 cubic inches, but the 
area of the funnel is 10 square inches, and l,?3+l(te£,l?3. 
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tween these two marks is to be divided into 180 equal 
parts, and lt»e part below 32" is likewise to be equally 
divided to the bottom of the scale, and if they go below 
0, then the other divisions are marked—1,—2,—3, &c. 
Against 32' is written “ freezing —against 55° 11 tem¬ 
perate :”~-76° “ summer-heat:”— 98° “ blood-heat — 
j \Q° << fever-heat—176° “ alcohol boils and against 
212° il water boils.” 

In Fahienheit’s thermometer the freezing point is 
called 32’, and''he boiling point 212’. In the centi¬ 
grade or modern French scale, the freezing poiut is 
called O', and the boiling point 100. To reduce Fahren¬ 
heit’s scale to the centigrade, subtract 32', multiply by 5, 
and“tl/;ide by 9* The quotient will give the degrees 
on the centigrade scale; for example, to reduce 55° 
by Fahrenheit to the centigrade, 55'—32°— 23°; and 

—= 12°—; and. vice versa, to reduce the centi- 

9 9 9 ' / 

grade to Fah re nheit’s scale, multiply by 9, divide by 5> 
and add 32° to the quotient: for example, to reduce 30' 

on tin. centigrade scale to Fahrenheit’s; —- ^ -=^=52° 

O j 

and 52 X32°zzb4. 

The utmost extent of the mercurial thermometer, 

i r 

both ways, is 600’, and 89 or 40 below 0, because in 
the former case mercury begins to boil, and in the latter 
it congeals ; therefore, beyond these degrees mercury is 
no guide. 

Mr. Wedgewood has contrived a thermometer which 
will measure the degrees of heat up to 32,277° of Fah¬ 
renheit's scale. It is known that all argillaceous bodies, 
ire diminished in bulk by the application of great heat. 
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The diminution commences in a dull red he^, and pro¬ 
ceeds regularly as the heat increases till the flay is trans¬ 
formed into a glassy substance. Wedgewood’s thermo¬ 
meter consists of two rulers fixed on a plane, a little 
farther asunder at one end than at the other, leaving a 
space between them. Small pieces of argillaceous sub¬ 
stances, made for the purpose, just large enough to enter 
at the wide end, are heated in the fire w iih^thfT’body 
whose heat is to be ascertained. The according to 
its heat, contracts the earthy body, so ftiaP being applied 
to the wide end of the gauge, it will slide on towards 
the narrow end, more or less, according to the degree of 
heat to which it has been exposed. 

Each degree of Wedgewood’s thermometer answers 
to 130 of Fahrenheit, and his scale begins from 1077° 
of Fahrenheit, if it w as possible to carry that high. 

The following abridged scale of heat will exhibit 
some curious facts which have been fully ascertained by 
accurate experimenters. 

SCALE OF HEAT. 

Mercury freezes at.—40° of Fahrenheit. 

A mixture of snow and salt 
sinks the thermometer to .... 0 


Milk freezes at ... 

...50 

Water.... 

...32 

Heat of the human bod^ in 


health, is from . 

.. .92 to 97 

Water boils at. 

..2 2 

Milk boils. 

..ei3 

Mercury boils. 

. .600 

Iron heated to a red heat, 



visible by day .. 1077=0° of Wedge wood. 
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Brats melts . 21 

Swedlth copper melts.27 

Silver.28 

Gold ..32 

Welding heat of iron from.120 to 132 

Cast-iron melts.130 


Extremity of Wedgewood’s scale.., .240 









LETTER XVIII. 


The Method of measuring the height of Mountains by the Baro* 
meter—Pressure sustained by Man—The Construction and Ope¬ 
ration of the Steam Engine explained— its uses and Advantages 

pointed out. ^ 

* 

Having in my last letter shewn the sfructure of the 
barometer, and its use in ascertaining the variations of 
the density of the atmosphere, I will now point out ano¬ 
ther purpose to which it has been applied, viz. the mea¬ 
suring the heights of mountains and other elevatecfplaces. 
It is found by accurate expeiiments that the mercury in 
the barometer falls I \ F th of an inch for every \pO feet of 
perpendicular height, in ascending the Puy de Dorame, 
a high mountain in France, the mercury fell three in¬ 
ches and a half, and the height of the mountain was 
found by exact measurement, with an mstrument, to be 
3204 feet. Snowden is ascertained by instruments to 
be 3720 feet high, and the mercury in the barometer 
fell in ascending it 3.8 inches. Hence the barometer 
will readily tell the height of any mountain, &c.; for if 
the mercury fall in the ascent 3,5, 8-tenths, &C. we 
know we have gained 3, 5 4 8 hundred feet in perpendi¬ 
cular height. 

it may in this place be proper to lead you to the con¬ 
sideration of the immense pressure sustained by the 
human body: we have seen, that the pressure of the 
atmosphere on every square inch is equal to 14lb.; now, 
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the surfad ^ of a common-sized person’s body is about 
14 or 15 fi 3 t; suppose 14 feet only; in each square 
foot are 144 square inches, therefore the pressure upon 
such a surface is equal to 144 x 14 x 14—'282241b., a 
weight which would instantly destroy life, were there not 
within us an elastic force of air which balances that 
which is without. 

One r*f the most important of machines is the steam- 
engine, theVr'*ctuie of which you will easily compre¬ 
hend, The boiler about half full of water, and standing 
over the fire is represented by a, fig. 17, b is the pipe 
to conve j the steam from the boiler to the cylinder c, 
in which the piston, made air-tight, woiks up and down. 
a and c are the steam valves, by which the steam enters 
the cylinder ; it is admitted through a f when it is to 
force the piston downwards, and through c, when it 
presses it upw ards : the eduction valves are b and d ; 
through these the steam passes from the cylinder into 
the condenser e, which is a separate vessel placed in a 
cistern of cold water, and which has a jet of cold water 
continually playing up in the inside of it. f is the air- 
pump, which extracts the air and the water fiom the 
condenser: this is worked by the great beam or lever 
r s, and the w ater taken from the condenser, and thrown 
into the hot-well g, through the pipe w, is pumped up 
again by means of the pumpy, and carried back into 
the boiler by the pipe i i. k is another pump, like¬ 
wise worked by the engine itself, winch supplies the cis¬ 
tern in which the condenser is fixed, with water from 
the well w. 

You will observe, that all the three pumps, viz. k. 
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which brings the cold water from the well to afapplj the 
condenser; r f, which throws the water frofk the con¬ 
denser into the well g; and y z , which carries the water 
from the hot-well g, to the boiler, are all worked by the 
same beam r s, to which the piston rod c is attached. 

The bent rods a d and b c , the first of w hich is con¬ 
nected with the steam valve a , and eduction valve d, and 
the second with the steam valve c, and eduction v|>J*e b t 
are attached to the piston rod of the air-£iii*rf) by the 
projecting pieces o and p. • * . 

The motion of the whole machine is regulated by the 
fiy-wheel x, on the axis of which is a small concentric 
toothed wheel 11 : a similar wheel i, is fastened to the 
rod T, and not turning on its axis, rises and falJL jrfTh 
the motion of the great beam. The centres of the two 
small wheels are connected by a bar of iron, when, 
therefore, the beam r s raises the w heel j, it turns round 
the wheel h, and with it the fly-wheel x, which will 
make two revolutions while the wheel I goes round it 
once. 

Suppose the piston at the top of th^cylinder as it is 
represented in the plate, and the low j er part of the cylin¬ 
der filled with steam. By means of the pump-rod e s, 
the steam valve a, and the eduction valve d, will be 
opened together. There being now a communication 
at d between the cylinder and condenser, the steam is 
forced from the former into # tlie latter, leaving the lower 
part of the cjlinder empty, while the steam from the 
boiler entering by the valve a, presses upon the piston, 
and forces it down. As soon as the piston has arrived 
at the bottom, the steam valve c, and the eduction valve 
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6, are opened, while those at a and d are shut; the 
steam, therefore, immediately rushes throtigli the educ¬ 
tion valve b , into the condenser, while the piston is 
forced up again by the steam. This will be seen more 
distinctly in iig. 18 ; s is the pipe which conveys the 
steam from the boiler; a and c are the steam valves, 
and b and d the eduction valves. When a is opened 
theV^am rushes into the upper part of the cylinder, and 
forces dot.^the piston; at the same instant d is opened, 
and the ste^m which was under the piston is forced 
through into the condenser e; as soon as the piston 
arrives at the bottom the other pair of valves are opened, 
viz. 6 and c , through the latter r, the steam rushes to 
raise ihe piston, and through b the steam, which pressed 
down before, is driven out into the pipe v, leading to 
the condenser; in this there is a jet of cold water con¬ 
stantly playing up, and thereby the steam is instantly re¬ 
duced to cold water. The condenser e, fig. 17> would, 
of course, be soon full of water if it were not connected 
by the pipe z, with the pump f, which throws it into 
the hot-well g, and the pump y z, takes it from thence 
and conveys it, by means of the pipe y i, to the boiler a . 
You will observe, that the water in the hot-well, g, 
cannot intermix with that in the cold-well supplied by 
tbe^unip w k , owing to the string partition v. v. is a 
cistern through which the boiler a is supplied with 
hot w r ater, and the apparatus connected with it you 
should understand. 

The pipe q is turned up at bottom, to hinder the 
steam getting through, and preventing the free course of 
the water; for steam, being lighter than water, must rise 
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to the surface, and cannot sink through the beaded part 
of the tube, m represents a stone suspendecftw a wire, 
shewn by the dotted line w, which is so balanced by the 
opposite weight w, as to admit a proper quantity of 
water through a valve leading to the pipe q. The stone 
is, by a principle in h)drostatics, with which you are 
acquainted, paitly supported by the water; if then, by 
increasing the lire, too great an evaporation take^piace, 
and the water sink below the level h b , the ^6ne must 
also sink, which will cause the valve to.dppn wider, and 
let that from the cistern come in faster. But if the 
evaporation be too slow, the water will rise in the 
boiler, and the stone, also rising, will bring the valve 
closer, and admit less water; and by this simpj~ ^,id 
very beautiful contrivance, the water is always kept to 
an exact level in the boiler. 

The pipes t and u , with the cocks, are intended to 
.shew the height of the water in the boiler; t reaches 
very nearly to the surface of the water, when it is at its 
proper height; and u enters just below' the surface. If 
the water be at its proper height, and tht cocks t and u 
are open, steam will issue from the former, and water, 
by the pressure of the steam, from the latter. But if 
the water be too high, it will rush out at t , instead of 
steam : if too low , steam will issue out of u, instead of 
water. 

The axis of the fly whedl x, is connected with the 
mill work or other machinery intended to be put into 
action; and, as it impels and governs the rest, its motion 
ought to be perfectly regular, and such as to give to 
every part, a convenient degree of velocity. 
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This (fleet can be produced only by duly proportion¬ 
ing the nuying power to the load. It frequently hap¬ 
pens, however, that some part of the machinery must be 
suddenly stopped, and as suddenly put into motion again, 
by throwing it out or into gear. But any sudden change in 
the load, requires a corresponding alteration in the mov¬ 
ing power; and this object is completely attained by 
wh%t is called the centrifugal regulator. The centrifugal 
regulator 's composed of four bars, a n, Ac, cd e and 
B D F, pinned Orjivetted together, (see Misc. Plate, fig. 5.) 
the two longest bars having each a heavy weight fastened 
to its lower extremity. 

The pin which fastens the two longest bars together, 
p3^«,also through the vertical axis d h, on which is 
fixed a pulley at i. 

On the axis of the fly wheel, at p, (see fig. 17, PI. ii.) 
is fixed *<t drum wheel, round which and the pulley i, a 
strap is passed : by this means, the regulator is made to 
revolve round its axis with a motion proportioned to that 
of the fly wheel, and the weights E and F, are thrown 
out more or lees, as the motion is more or less rapid. 
When the weights fly out, the extremity a is draw'll 
down, and with it the end of the lever k l, attached to 
it; the other end being connected with the handle of the 
cock m, of the steam pipe u. By this means, the cock 
becomes partly closed, the admission of steam is checked, 
and the motion of the engine and fly wheel retarded.— 
On the contrary, if the motion be too slow, the weights 
fall down, the lever k l is thrown up—this opens the 
cock—the steam is admitted more freely, and the motion 
of the engine and fly wheel is accelerated. 
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The force of a steam engine is usually esUtaated by 
comparing it with that of a horse; thus we'commonly 
say, a 20-horse power, or a SO-horse power. The 
principles upon which this calculation depends I will now 
explain to you. 

The power of a steam engine depends on the degree 
of compression of the steam, the size of the cylinder, 
the length of the stroke made by the pisto^ and the 

number of strokes in a minute. * 

• • 

Let us suppose the diameter of the cylinder to be 
31 inches, that the piston makes 17 double strokes of 
six feet each in a minute, and that the safety valve is 
loaded with nine pounds for every circular inch.—« r !.vu* 
the estimate will be as follows:— 


an. 

The force of the steam per circular inch. 9 

The area of the piston in circular inches Si x 31=961 

The product. 8619 


is the force exerted by the steam on the pifton in pounds’ 
weight. 

Seventeen double strokes of six feet each = 204 

The product .=1*764,396 . 

is the power or momentum «f the engine in feet and 
pounds’ weight. 

The power of a horse to draw is supposed to be equal 
to 200 pounds weight, at the rate of 2£ miles an hour, 
or 220 feet iu a minute. But 200 x 220 gives 44,000 
for the power of the horse, and dividing 1*764,396, the 
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momentum of the engine, by 44,000, the momentum of 
the horse, 'the quotient will be 40 nearly. Such an 
engine, therefore, will do the work of about 40 horses; 
and, as it may be made to act without intermission, and 
horses will not work more than eight hours out of the 
24, it will perform the work of 120 horses; but since 
the work of a horse is equal to that of five men, it 
will peL^m as much work as 600 men. The expense 
of the coals used, and of the machinery, in its first cost 
and repairs, is equal to about half the number of horses 
for which it is substituted. 

At first, the only thing to which steam engines were 
W as the raising of water from coal pits, mines, 
&c. to enable the workmen to proceed with their opera¬ 
tions; but they are now used for a thousand different 
purpose.*in which great power is required. Mr. Boulton 
has applied this force to the machine for coining money, 
which, by the help of four boys only, is capable of 
striking 30,000 pieces of money in an hour, and the 
machine itself (keeps an accurate account of the number 
struck. 


t\ 
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LETTER XIX. 

Acoustics defined and explained—The velocity of Sound—Distances 
of Objects ascertained by the velocity of Sound—Conductors of 
Sounds — Experiments—Of the Echo—Speaking Trumpet— 
Speaking Figures—Causes of the variety of Sounds—Eoliaff narp 
—Smoke Jack—Winds. ’ 

From Pneumatics we naturally proceed to “•Acous¬ 
tics,” a science which instructs us in the nature of sounds, 
that are usually conveyed to us by means of the air. In 
the infancy of philosophy, sound was held to be a separate 
existence, and brought to the organs of hgariug, in a si¬ 
milar manner as the sensation of smell is conveyed to 
the nostrils. But so early as the time of Zeno, a dif- 
ferent theory was advanced; this philosopher asserted 
“ that hearing is produced by the air which intervenes 
between the thing sounding and the ear.” “ The air,” 
he adds, “ is agitated in a spherical form, and moves off 
in waves, and falls on the ear, in the same manner as 
water undulates in circles when a stone has been thrown 
into it.” The discovery of the air-pump demonstrated 
that air, in general, was the vehicle of sound,'because, 
as we haye seen p. 148, a bell will give no sound in 
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vacuo, am* one rung in condensed air gives a verj loud 
sound. But air is not the only medium by which sound 
is conveyed to the ear; it will pass through water with 
the same facility with which it moves through the air. 

Experiment i. A bell rung under water returns a 
tone as distinct as if rung in the air; and it has been 
ascertained by naturalists, that fishes have a strong per¬ 
ception^ sound, even at the bottom of rivers. Hence 
it has been inferred that it is not material in the propa¬ 
gation of sounds, whether the fluid which conveys them, 
be or be not elastic. 

It is found, by experiment, that sound travels at the 
1142 feet in a second, and that no obstacles 
hinder its progress, a contrary wind, only in a small 
degree diminishing its velocity; the method of calculat¬ 
ing its progress is easily understood. When a gun is 
discharged at a distance, we see the Are long before we 
hear the sound; aud if we know the distance of the place, 
and the time elapsed between our first seeing the fire 
and hearing thp report, this will shew us exactly the 
time that the sound has been travelling to us. If a gun 
a mile off, be discharged, the moment the flash is seen, 
the seconds may, by a watch, be counted till the sound 
is heard, and the number of seconds is the time that the 
sound has been travelling a mile. By this means the 
distance of objects, otherwise immeasurable, may easily 
be found. Thus, if I see the flash of a gun in the night at 
sea, and count nine seconds before I hear the report, it 
follows that the distance is 1142x92=10278 feet, of 
nearly two miles. In the same way, the distance of a 
thunder-cloud is ascertained; for if the time be reckoned 
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from tlie moment we see the flash of lightning to that 
in which the thunder is heard, and multiply yie seconds 
elapsed by 1142, we get the number of feet between 
our own situation, and that of the cloud. Some late 
observers, I ought to tell you, reckon only 1J 30 feet 
instead of 1142 feet, for the space which sound travels 
in a second. „ 

Dr. Derham, who took great pains in inve^gating 
this subject, found that all kinds of soun«i tfavel at the 
same rate. The sound of a gun, and the striking of a 
hammer, are equally sw ift in their motions; the softest 
whisper flies as swiftly, as far as it goes, as the loudest 
thunder. Smooth and clear sounds proceed from b a odif*' 
that are homogeneous, and of an uniform figure; and 
those j/vhich are harsh, from such as are of a mixed mat¬ 
ter and irregular figure. The velocity of sound is to 
that of a brisk wind, as fifty to one. 

It is thought that every substance is, in some measure, 
a conductor of sound; but it is certain that sound is 
much enfeebled by passing from one medium to another. 

Ex. ii. If a man stopping one of his ears with his 
finger, stop the other also by pressing.it against the end 
of a long stick, or piece of timber, and a watch be ap¬ 
plied to the opposite end of the stick or timber, be it 
ever so long, the beating of the watch w ill be distinctly 
heard; though perhaps the ticking of a watch cannot be 
beard in the usual way but a few feet. 

Ex. ni. The same effect will be produced, if he stop 
both his ears with his hands, and rest his teeth or tem¬ 
ple against the stick or timber. 

Ex. iv. Instead of a watch, a gentle scratch may be 
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made at pne end of a long wooden rod, and the person 
who keep j his ear in close contact with the other end of 
it will hear it very plainly. 

Ex. v. A person stopping both his ears as close as 
possible will hear the beating of a watch most distinctly, 
if he hold it between his teeth. 

Ex. vi. If a person tie a poker or other piece of me¬ 
tal oi.**o the middle of a strip of flannel, about a yard 
long, giv».ig.,the ends a twist round a finger on each 
hand, and then pressing those fingers into the ears, and 
striking the poker against an obstacle, as a fender, he 
will hear a sound very like that of a large church bell: 
/rom this experiment it appears that flannel is a good 
conductor of sound. 

The earth is also a conductor of sound : it is said, 
that b^ applying the ear to the ground the trampling of 
horses may be heard much sooner than it could through 
the medium of air only. 

Sound is the effect which is produced on the ear, by 
the undulations of the air, and according as these undu¬ 
lations are stronger or weaker, the impression and con¬ 
sequently the sensation is greater or less. If sound be 
impeded in its progress by a body that has a hole in it, 
the waves pass through the hole, and then diverge on 
the other side as from a centre. But when sound, or the 
aerial waves meet with an obstacle which is hard, and of 
a regular surface, they are reflected; and consequently 
an ear placed in the course of the reflected waves, will 
perceive a sound similar to the original sound, but which 
will seem to proceed from a body situated in like posi¬ 
tion and distance behind the plane of reflection, as the 
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ical sounding body is before it. This 
called an echo. 

If you throw a pebble into the water, waves spread 
from the point on all sides till they reach the margin; 
they are then thrown back again: the same thing hap¬ 
pens with regard to the undulations of the air: they strike 
against any surface fitted for the purpose, as the r '.de of 
a house, a brick wall, a hill, or eveu agains/ frees, and 
are reflected: these reflections are the causes of an echo. 

Ex. vii. If a bell, fig. 19, be struck, and the un¬ 
dulations of the air strike against the wall c d, ip a per¬ 
pendicular direction, they will be reflected in the same 
line, and if a person be situated between a and c,*a$ at 
x, he would hear the sound of the bell by means of the 
undulations as they went to the wall, and he would hear 
it again as they came back after reflection, which would 
be the echo of the sound. A person, therefore, stand¬ 
ing at x might, in speaking in the direction of the wall 
c d hear the echo of his own voice. It is found by ex¬ 
periment that sounds to be perceived very Tlistinctly must 
not follow one another faster than at the rate of 9 or 10 
in a second, that is, at the distance of lLi£— 127 feet 
nearly from each other; so that for the echo to be dis¬ 
tinct the length c x must be 63 or 64 feet at least, *in 
order that in passing from x to c, and returning from c 
tor, the distance may be 127*feet. 

If the undulations strike obliquely against the wall, 
they will be reflected obliquely on the other side. 

Ex. viii. If a person stand at m, and therp be any 
obstacle between that place and the bell, as at z t so as to 
prevent him frbm hearing the direct sound, he may ne- 
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vertheless hear the echo from the wall c d, provided the 
direct sound fall in that sort of direction as to force the 
reflected undulations along the line c m. 

At the common rate of speaking we pronounce about 
three syllables and a half, or seven half syllables in a se¬ 
cond ; therefore, that the echo may return just as soon 
as'three syllables are expressed, twice the distance of the 
speaker'll ^m the reflecting object must be equal to 1000 
feet; for as 4 sovnd describes 1142 feet in a second, fills 
of that space, that is, 1000 feet nearly, will be described, 
while six half or three whole syllables are pronounced: 
that is, the speaker must stand nearly 500 feet from the 
~ou5tuJe: and, in general, the distance of the speaker 
from the echoing surface, for any number of syllables, 
must be equal to the seventh part of the product of 1142 
multiplied by that number: thus, if eight syllables are 
to be repeated, we say UjL- x8 = 1305 feet for the dis¬ 
tance of the speaker from the echoing surface. In 
churches and other confined buildings we never hear a 
distinct echo of the voice, but a confused sound, when 
the speaker utters his words too rapidly; because the 
. greatest difference of distance between the direct and 
reflected courses is rarely in any church equal to 127 
feet, the limit of echoes. 

From the property of reflection of sounds, it happens 
that sounds uttered in 01.3 focus of an elliptical cavity 
are heard magnified in the other focus; instances of which 
are found in several domes, particularly in the famous 
whispering gallery of St. Paul’s cathedral iu London, 
where a whisper uttered at one side of the dome is re* 
fleeted to the other, and may be very distinctly heard. 
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Hence we see the principle of the speaking and hearing 
trumpet; for when we speak in the open air^ the effect 
on the ear of a distant auditor is produced yierely by a 
single pulse of the air; but when we use a tube, all the 
pulses propagated from the mouth except those in the 
direction of the axis, strike against the sides of the tube, 
and every point of impulse becoming a new centre, from 
whence the pulses are propagated in all directions, a 
pulse will arrive at the ear from each of those points. 
Thus, by the use of a tube a greater number of pulses 
are propagated to the ear, and the sounS is* consequently 
increased. Or it may be that by instruments of this sort 
sound is, as it were condensed, for all the w-avt* that fly 
off from the sides of a sounding body, are by the trum¬ 
pet condensed into one, which makes its force so much 
greater. 

An umbrella, held in a proper position oveftthe head 
may serve to collect the force of a distant sound by re¬ 
flection, in the manner of a hearing trumpet, but its 
substance is too slight to reflect any sound perfectly, 
unless the sound fall on it in a very oljique direction. 
The exhibitions of speaking figures, and of the invisible 
girl, are performed by conveying the sound through pipes 
artfully concealed, and opening opposite to the mouth of 
a trumpet, from which it seems to proceed. 

We have already seen that pendulums of equal length 
move in equal times, though they pass through different 
arcs, that is, fig. 20, if the pendulums a b and c D are 
equal, the time of passing through e f is equal to that 
of passing through o H : and the vibration of the string 
i k, fig. 21, may be considered as a double 'pendulum, 
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oscillating from the points k and i, the vibrations of 
which from the greatest to the least are performed in the 
same time, which is the reason why a musical string has 
the same tone from the beginning of the vibration to the 
end. The tone of a sound depends on the time that the 
impression dwells on the ear, or the time that the string 
vibrates: thus the longest strings have the longest vibra¬ 
tions, and produce the graved sound ; the shortest strings 
have lh?. shortest vibrations, occupy less lime, and have 
the sharpest couml, 

There are three principal causes of the variety of 
souuds: (]) the greater or icss frequency of the vibra¬ 
tion of SGnorous bodies; (2) the quantity or force ol the 
vibrating particles; and (3) the greater or less simplicity 

of the sounds: hence aie derived the height, strength, 

✓ 

and quality of sounds. 

If a rape 30 or 40 feet long be stretched pretty tight 
between two points as a and b, fig. 22, and struck smait- 
Jy with a stick, the whole rope will not vibrate from end 
to end, but there will be found several still places in it, 
between which the parts of the rope will vibrate, as from 
a to c, and from c to d : the distance of these stationary 
places is always an even part of the whole rope; as from 
a to d is half, from c to d one fourth, and so on. 

Hence the fine sounds produced by the Eolian harp; 
for though there be many strings, and all tuned in uni- 
sdn, yet we hear not only* the natural sound of each 
string, but its octave, fifth, third, twelfth, &c. The 
current of air striking upon these strings may be con¬ 
sidered as a violin bow, and thus each string is divided 
into a number of imaginary bridges, to which it has a 
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natural tendency. Hence every string becomes capa¬ 
ble of several sounds : if every string were of tlie same 
length, magnitude, and tension, the vibrations would 
uniformly coincide, and produce perfect unison. If the 
strings were in proportion of 2 to 1; that is, if the shor¬ 
ter string is half the length of the longer, and makes 
two vibrations, while the shorter makes but one: these 
are called octaves. If the vibrations be to one another 
as 2 to 3, the coincidence will be at the third of the 
shorter string, and in music it is called*a,fifth. When 
two strings of equal tone are placed near one another, on 
striking one, the pulse or undulatory motion of the air will 
produce a sympathetic sound in the other. So in the Eo- 
ban harp, if only two of its strings are in unisoip, auu & 
piece of paper be hung on one of them, all the other strings 
may be struck without effect; but when the unison string 
is struck, the paper instantly leaps off from the other. 

Wind you know is air in motion, and whatever excites 
that motion, will produce wind. There are probably 
many causes which conspire to produce the effect, but 
the heat communicated by the sun is th£ principal. Heat 
expands all bodies; it therefore rarities tlie air, and 
makes it lighter : but as you have seen, the lighter fluids 
always ascend, and thereby leave a partial vacuum, to¬ 
ward which the surrounding heavier air presses, with a 
greater or less motion, as the degree of rarefaction or 
of heat which produces it, *is greater or less. 

Ex. ix. Take a lighted Wax taper, or candle, and 
hold it at the bottom of the door of a room in which 
there is a fire; then hold it at the top, and afterwards 
about the middle, aud you will find that at the bottom 
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the flame is brought into the room; at the top it rushes 
out: and in the middle it is nearly or wholly stationary, 
having no tendency either way. 

The reason of this experiment is, that the heat of 
the fire rarifies the air, which ascends, leaving a partial 
vacuum at the lower part of the room; to supply the 
deficiency, the dense air rushes in at the bottom, driving 
the «flame of the taper inwards, and the lighter particles 
are driven put at the top of the door by the pressure of 
the heavier ones , f rom beneath. 

The smoke jack, as it is called, depends on this prin¬ 
ciple ; it is worked by means of the current of air con- 
stantly ascending the chimney, which current is pro¬ 
moted .'by the heat of the fire, and not by the smoke, 
and striking against the leaves of a sort of ventilator, turns 

o i » 

the chain, spit, &c. 

Wind Uen is a cm rent of air generally produced by 
the heat of the sun, and its direction is denominated from 
the quarter from which it blows; thus when it blows 
from the north or south, we say it is a north or south wind. 

There are usually reckoned three kinds of winds, in¬ 
dependently of the names which they take from the 
points of the compass from which they blow : these are 
the constant, or those which always blow in one direc¬ 
tion : t the periodical, or those which bluw six months in 
one direction, and six in a contrary one; and the variable , 
which appear to be subject ‘to no general rules. 

The constant winds are found in that large tract 
on the globe, that lies between 28° or 30° north and 
south of the equator, they follow the apparent course of 
the sun which is always vertical, or nearly so, to some 



part of this tract of our globe, and since the wind fol¬ 
lows the sun it must blow in one direction, or easterly. 
These constant winds are likewise denominated trade- 
winds. 

The periodical winds prevail in several parts of the 
Eastern and Southern oceans, and depend on the sun; 
for when that body is north of the equator, that is, 
from the 20th of March to the 20th of September,* the 
wind sets in from the south-west, and the # remainder of 
the year, w hile the sun is south of the equator, the wind 
blows from the north-east. These are called a the Mon¬ 
soons,” or shifting trade-winds, and they are # of much 
importance to those who make voyages to the East 
Indies. 
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LETTER XX. 

, * 

Optics—Light—Velocity of Light—Its motion—Refraction of Light 
explained—Consequences and Advantages of Refraction—Eu lei- 
taining«Experiments. 

In* the science of optics every thing depends on light, 
which is supposed to consist of inconceivably small par¬ 
ticles, thrown off from a luminous body, with great ve¬ 
locity, in all directions. They diverge in right lines till 
they are inflected by the attraction of some other body, 
or refracted by passing obliquely through a medium of 
different density, or reflected by the intervention of an 
opposing bod$, and therefore, the particles of which 
light is composed being governed by the power of at¬ 
traction, in the same manner as the particles of other 
matter, it has been inferred that they also are material. 
They must, however, be indefinitely small, from the 
circumstance of their penetrating the densest bodies, 
such as glass, the dianfond, &c., and also from this 
circumstance, that the greatest number of them that 
can be collected, are not found to have any the small¬ 
est sensible weight. 

It is evident that the rays of light are emitted in right 
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lines, from the shadow which is thrown behind those 
bodies on which they fall, as the corresponding parts of 
the substance and shadow form right lines with the ray. 
Besides, light will not pass through a bended tube. 

It was formerly supposed that the velocity of light was 
instantaneous, but it has been one of the discoveries of 
modern times, that notwithstanding its swiftness is so 
great as to prevent its passage from one visible object to 
another from being marked by any difference of time, 
yet its motion is certainly progressive, ancf at the rate of 
(200,000 miles in a second of time. For it is observed 
that the eclipses of Jupiter’s moons vary abdht lG mi* 
nutes of time in certain positions of the earth in ^ts orbit? 
being eight minutes sooner than the calculated time, 
when the earth is nearest the planet, and eight minutes 
later than the tables when the earth is in the opposite, 
part of its orbit. 

Lets, fig. 1, Optics, Plate 1, be the sun from which 
the tables are made, and ABC the earth’s orbit; e Ju¬ 
piter, and i) one of bis satellites enteyng his shadow. 
An observer at the sun would find the time of his im¬ 
mersion coincide with the tables, but to a person at a 
it will take place eight minutes sooner than at s, and to 
one at c it would be eight minutes later; hence it is inferred 
that the rays of light are 16 minutes in passing through 
A c, the orbit of the earth, ^r 8 minutes in passing from 
the sun to us, or 95 millions of miles,* which is at the 
rate of 200,000 per second nearly; this is about a mil¬ 
lion and a half times faster than the velocity of a cannon- 


* 95,000,000-r OK60=200,000 nearly. 
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ball, which may be supposed to go at the rate of eight 
miles in a minute. 

Notwithstanding this velocity, which surpasses every 
effort of the understanding to comprehend, philosophers 
have conjectured that there may be stars, which, we 
shall show in a future letter, are suns to other worlds, 
so distant from us that the light proceeding from them 
has not yet reached the earth, though it has been travel¬ 
ling at the ra^e of 200,000 miles per second from the 
first creation of all things. # 

The particles of light move in all directions, without 
appearing to jostle one another in their course. 

4 Experiment i. Take a sheet of brown paper and 
make a small bole iu it with a pin or needle, and look 
through it, you will see numerous objects almost as well 
as if no paper were interposed between them and the 
eye. Now as we only see objects by means of the rays 
of light which flow from them, the rays that come from 
a landscape, for instance, seen by looking through the 
small hole in the paper must coine in all manner of di¬ 
rections at the same time. 

Ex. it. If a candle be placed on an eminence in a 
dark night, it will illuminate a space for half a mile 
round; in other words, there is no place within a sphere 
of a mile in diameter, where the candle cannot be seen, 
that is, where some of the rays from the small flame 
will not be found. These will be stronger or weaker in 

* The young arithmetician may calculate the distance which a ray 
of light will have travelled at this rate from the creation to the pre¬ 
sent time, allowing 4001 years to have elapsed from Adam to the 
Uii th of Christ, and 1821 years since. 
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proportion as the distance from the candle is less or 
greater. For the intensity or degree of light decreases 
as the square of the distance from the luminous body in¬ 
creases; that is, the light from any luminous body, at 
1,2, 3, 4 yards, miles, &c. distance, will be diminished 
in proportion to the squares of those numbers, or as 1,4, 
9, 16, &c., in other words, the light of a candle will be 4 
times less at the distance of two yards than it is at a yard 
distance only, and sixteen times less at ^ prds distance. 
It is the same with regard to the liglft from the sun; 
thus the planet Saturn is neatly 10 times as far distant 
from the sun as the earth, therefore it will receive only 
one hundredth part of the light and heat of the sun that 
we enjo). Again, the Hcrschel planet is twice^he dis¬ 
tance of Saturn from the sun, and will of course enjoy 
only the fourth part of the light and heat which that 
planet experiences, or the -^J^th part of what w'e enjoy. 

By “ a ray of light" is meant one of the particles of 
light in motion, and its motion being rectilinear« pro¬ 
perly represented by a straight line. But the rays of 
light are subject to the laws of refraction and reflection. 

If the rays of light, after passing through a medium 
enter another of a different density perpendicularly, they 
proceed through this latter medium in the same direc¬ 
tion as before; but if they enter the second medium ill 
an oblique direction, they are bent out of their course, 
and this is called refraction. 

Ex. in. Suppose a B, fig 2, to be a piece of glass 
an inch or two thick, and a ray of light, s a , to fall upon 
it at a, it will not pass along the line s s, but will, at a, 
be bent out of its course towards the perpendicular, and 
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proceed to x. But a ray, r a , would proceed straight 
on to b, because iu this case there is no refraction. 

Hays of light may pass from a rarer to a denser me¬ 
dium, as from air into glass or water; or they may pass 
from a denser into a rarer, as from water into air. 

When a ray of light passes out of a rarer into a denser 
medium, it is, as we have seen, drawn nearer to the 
perpendicular. But when it passes from a denser me¬ 
dium into one more rare, it moves in a direction farther 
from the perperdicular; thus, if the ray x a pass from 
glass or water into air, it will not, when it comes to a , 
move in the direction a m, but in the line a s, which is 
farther than a m from the perpendicular a p. You will 
not fo:get “ that we see every thing by means of the 
rays of light which proceed from them.” 

Ex. iv. Take a common upright earthen pan, and 
on the bottom, place a shilling, with a small piece of 
wax to keep it from slipping, now move backward till 
the side of the pan deprive you of the sight of it; let 
another person pour water into the pan, and you will im¬ 
mediately see the shilling. 

This experiment is easily explained by the figure just 
referred to: conceive your eye at s, and a a the side of 
the pan, and the piece of money to be at x; now, when 
the pan is empty, the rays of light flowing from x, must 
go in the direction x am, at least they cannot pass in 
the direction a s, of course the side a a prevents an eye 
at s from seeing the spot x . But as soon as water is 
poured into the vessel, the rays of light proceed from 
x to a, and there, entering from a denser to a rarer me¬ 
dium, they will be bent from the perpendicular into the 
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line a s, and the eye at s will see the shilling at x f or 
rather the rays of light proceeding from it, and it will 
appear to be situated at or a little higher thhn n instead 
of x. 

It may seem strange that though the shilling has not 
moved from x that it appears at n , but it is an axiom in 
optics, " We see every thing in the direction of that line 
in which the rays approach us last.” 

Ex. v. Take two looking-glasses and glace a candle 
before one of them, so as that the im»ge.of the candle 
may be reflected to the other, and if you look into that 
glass you will suppose the candle behind itj because 
this is the direction whence the last rays come to the 
eye. 

From the fourth experiment we learn the reason why 
an oar always appears bent in the water; for if max 
were a straight oar, it would, in water, appear bent like 
many and raised higher in the water than it really is: 
it is on this account that a fish in a pond, river, &c. ap¬ 
pears nearer the surface than it actually is; and for the 
same reason, any water will appear toP be much shal¬ 
lower than it is. This is a fact that ought to be gene¬ 
rally known by young persons, who, without being able 

• 

to swim, may venture, at the risk of their lives, in 
water six feet deep, thinking it only between 4 and 5 
feet; for the bottom, where the water is clear, always 
appears one-fourth nearer the surface than it really is. 
By carefully attending to the experiment of the shilling 
and pan you will see the money rises apparently in the 
water, as well as it changes its other relative position. 

To the principle of refraction we are indebted for 
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many advantages that we daily and hourly enjoy, but for 
which we are rarely so thankful to a beneficent providence 
as we ought. The sun is seen before he comes to the 
horizon in the morning, and after he sinks beneath it in 
an evening, by the refractive power of the atmosphere, 
by which our da)s are lengthened and our eves preserved 
from that dazzling splendour which must be highly in¬ 
jurious to them if we passed immediately from darkness 
to the glare.pf the sun, which would be the case if there 
were no atmosphere. 

Hence we never see the sun and moon in the places 
where tljey really are situated, they always appear higher 
than they are, as the oar does in water; thus, a person 
standing at a, fig. 3, would see the sun rise at b when 
it w r as in reality only at c; if at a he had the sun in his 
zenith, he would in that case see him where he really is, 
for his rays would come perpendicularly through the at¬ 
mosphere, but that never occurs in this country with re¬ 
gard to the sun and moon. 

Ex. vi. Take a glass goblet half full of water, throw 
a shilling into it, and then, having placed a plate over it, 
let it be quickly inverted. A bye-stander, unacquainted 
;with the laws of refraction will suppose that he sees a 
shilling and half-a-orown, the former is seeu by the rays 
after refraction at the surface, the latter is seen by means 
of rays coming through the water at the side of the glass, 
and therefore the image is magnified; the reason of which 
you will hereafter readily understand, 
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Description and Uses of Lenses—Their effect—Method of fiuding 
the Focus of a Lens—Burning-glasses described, with the Ef¬ 
fects produced by them—Experiments—Imaginary Focus de¬ 
fined—Axiom in Optics—Image by Reflectors when formed— 
Anamorphoses. 


I shall dow, my young friend, describe to you the 
different kind of lenses made use of in optics. A A lens 
is a glass ground into such a form as to collect or disperse 
the rays of light which pass through it. A planoconvex 
lens has one side flat and the other convex, as a, fig. 4. 


b is a plano-concave lens, having one side flat ^and the 
other concave. A double-convex is convex on both 


sides, as c. A double concave lens is concave on both 
sides, as d. A meniscus is convex on one side and con¬ 
cave on the other, as e, of which a watch-glass is an 
example. 

The axis of a lens is a line passing through its cen¬ 
tre ; thus f g is the axis to all the several lenses. The 
effect of these several kinds of lenses is to cause the rays 
of light that pass through them to converge or diverge. 

Rays arc said to converge when they continually ap¬ 
proach to each other; thus, fig. 5, the parallel rays a a; 
b b; mm falling upon the plano-convex lens cxd, ap¬ 
proach each other till they meet in c. But if a candle 
be placed at c, before a small hole, then the rays in going 
to the side of the lens c n d y w ill recede from one another 
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that is, they diverge. The point c in optics is called the 
focus. 

I will explain the manner in which the focus is found 
in those kind of lenses which are chiefly in use. To 
begin with the most simple. Parallel rays falling upon 
a plano-convex lens meet at a point behind it, the dis¬ 
tance of which, from the centre or middle of the glass, 
is exactly equal to the diameter of the sphere, of which 
the lens is only a portion; thus in fig. 5, a circle is made, 
in which the ley^s, cxdn , will fit, and therefore c is the 
focus. 

The reason of this is obvious; for rays of light passing 
out of a rarer to a denser medium incline to the perpen¬ 
dicular; therefore the rays a a t b b, &c. passing from 
air into glass, must incline to the perpendicular, c .r b y 
till they all meet in c, and if nothing be at the point to 
stop them they will cross each other, and the*perpen¬ 
dicular c x b. 

Tl\e distance of the focus of parallel rays, of a double 
convex lens, is equal only to the radius of the sphere, see 
fig. 6; for twc convex surfaces must have double the 
effect in refracting rays that a single one has; and as the 
„ latter brings them to a focus at the distance of the dia- 
* meter, the former will do the same at half that distance, 
or of the radius. 

r 

A common burning glass is a double convex lens and 
acts upon this principle, that all the rays of the sun, 
which fall perhaps on a surface of three or four or more 
square inches are by meaus of the convexity brought to 
a point f t of only ^ or ^ of an inch, so that the heat at 
the focus will be 10 or 100 or 1000 times as great at 
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the focus as it is at the surface, according to the size of 
the glass. The heat collected by very large burning 
glasses, as that made by Mr. Parker for Dfr Priestley, 
is such that nothing can withstand. This glass was 
nearly three feet in diameter, and it produced a heat 
that melted iron plates in a moment: all resinous sub¬ 
stances it instantly melted under water; and a variety of 
other substances it changed into transparent glass. The 
heat produced by this lens fused 20 grains of gold in 
four seconds: of silver in three second^:* fen grains of 
platina in three seconds, and as much flint in thirty 
seconds. 

If the parallel rays at n, fig. 6, fall on the double con¬ 
vex lens, they will converge and meet mf, whej/e they 
will cross one another, and diverge; and if another con¬ 
vex lens fo be so placed as to receive the diverging rays, 
they will be made to converge, and then proceed out of 
it in parallel lines b c. 

If a candle be placed at f, the focus of the convex 
glass, the diverging rays in f f g or D f E will be so 
refracted by the lenses, that after going o»t of them they 
will become parallel again. But if the candle be at g, 
fig. 7, the rays will diverge after they have passed through, 
the glass, and the divergency will be greater or less in 
proportion as the candle is more or less distant from, the 
focus: and if it be placed farther from the lens than the 
focus, as at g, fig. 8, then the rays, after passing the 
lens, will meet somewhere as at x; and this point will 
be more or less distant from the glass, as the candle is 
nearer to, or farther from its focus, and where they meet 
they will form an inverted image of the flame of the 
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candle, because that is the point in which the rajs, if 
they are not stopped, cross each other. 

Experiment, i. These things may be shewn to 
the senses by means of a common burning glass, which 
A b, fig.8, will represent; and if the candle be at g, 
the inverted image of it may be taken on a piece of 
writing paper, held at x. And if the candle be brought 
nearer to J\ the image at x will be carried farther off. 

The general rule for finding the place of the image or 
picture of an- object is this, supposing the focal distance 
of the glass to be known: 

i{ Multiply the distance of the focus by the distance 
of the object, and divide the product by their difference, 
.the quotient will be the distance of the picture. Thus 
if the focus of a glass be six inches, and an object be 

placed at Jo inches distance, the picture will be found 
15-6 

to be —— 1C inches. * 

The picture will be as much larger or less than the 
object, as its distance from the glass is greater or less 
than the distance of the object: which may be thus ex¬ 
plained : 

Ex. ii. Let abc, fig. 9, be any object, as an arrow 
.placed beyond the focus f, then rays from every part 

* Hence the reason why, when the candle is placed in the focus 
of the lens, the rays go out parallel; because, then the difference of 
the two quantities mentioned in the role is o, or nothing; and any 
quantity divided by o gives an infinitely large number; thus 1 divid¬ 
ed by * give S: divided by Ogives 10, and as the divisor diminishes, 
the quotient increases, so that when the former is infinitely Bmall, or 
nothing, the latter is infinitely large, or the lines do not converge 
till at an infinite distance, that is, they never meet—in other words, 
they are parallel. 
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will flow from it, as represented in the three points 
a, b, c, and in passing through the glass tj^ey will be 
refracted, and meet in the points a b c: viz. the rays 
that flow from A are brought to a focus at a; those 
from c at c, and the rays flowing from the intermediate 
points between a and c are brought to their different foci 
between a and c. Now, if the object a b c is brought 
nearer to the glass, the picture will be removed to a great¬ 
er distance, and will increase also in mggitftude ; when 
the distance u x=b x, then the object and picture will be 
equal to one another ; but if b x be greater than b x, then 
the picture is larger than the object. In all cases,''"to obtain 
a picture or an image, the object must be beyond the 
focus f, for, if it be at f, then the rays will go out of 
the glass parallel to one another as in fig. 6 : and if it be 
nearer, as in fig. 7, then the rays will go out diverging,* 
and in neither case will a picture be formed. 

There are also concave lenses, as you have seen, and 
the refraction occasioned by these is very different from 
that by convex glasses. , • 

Ex. in. Suppose the parallel rays abed , &c. fig. 
10, to pass through the double concave lens a, b, they 
will diverge after they have passed through the glass, and* 
precisely so much, as if the rays had come from a radiant 
point x , which is the centre of the concavity of the glass. 
This point is called the imaginary or virtual focus. The 
ray a after passing through the glass a b will go on in the 
direction g h, as if it had come from x, and no glass in 
the way : the ray d would proceed along r t in the same 
manner, and so of the rest. The centre acx suffers no re¬ 
fraction, but proceeds precisely as if no glass had been 
interposed. 
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If the lens had been concave only on one side, and 
flat on the other, the rays would have diverged after pass¬ 
ing through it, as if they had come from a radiant point, 
at the distance of a whole diameter of the convexity of 
the lens. 

Hence ypu will observe, that the focus of a double 
convex lens is at the distance of the radius of convexitv, 
and so is the imaginary focus of the double concave ; the 
focus of a pkno-convex is at the distance of the diameter 
of the convexity, so likewise is the imaginary focus of 
the plano-concave. 

We cl/me now to reflected light. When rays of light 
m strike against a surface, and are sent back from it, they 
are said to be reflected. The ray that cornes from any 
luminous body and falls upon a reflecting surface is called 
•the incident ray; thus the rays, s a or p a, fig. 2, fall¬ 
ing upon the reflecting surface a d, is called the incident 
ray. 

Ex. iv. When the ray, as p a, falls perpendicularly 
on the surface it is reflected back again in the same 
line; hence if a person stand before a looking glass he 
sees his own image, because the rays proceeding from 
*him to the glass come back again to his eye in the same 
line. 

Ex. v. When the ray, as s a, falls obliquely on the 
surface, it passes off in the direction a e, making the 
angle E a z equal tosaz: hence a looking glass being 
placed at the end of a room, a person sitting or standing 
on one side of the room will see in the glass the furniture 
of the opposite side: that is, if a b be a looking glass, 
and a person sit or stand at s, he will not see his own 
image in the glass, but will see the image of the point u, 
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and a person at E will see the image of the objects 
at s. 

You may regard it as an ondeviating maxim, that 
the angle of incidence is always equal to the angle of re- 
flection, whether it be with regard to plane or spherical 
surfaces, concave or convex . 

Ex. vt. When a person stands before a looking 
glass, he sees the image of himself apparently as Tar 
behind the glass as he stands before it: for it is the dis- 
tance that the ray travels backwards and! forwards which 
ascertains the distance of the image from the object; 
thus, a man at a c, fig. 11, standing before a looking 
glass, a b, will see the image of himself at u d : for the 
ray passing from his eye to a is reflected back *.gain in 
the same line to the eye, and has travelled through a 
distance equal to twice A a-a b, the ray proceeding 
from the foot c, falling obliquely on the glass, at b, is 
reflected along the line b a to the eye: here the distance 
which the ray travels is c b + b a, therefore the image of 
c will be seen at d. (1) because A d is equal to 
a b + b c : and (2) because, we see evtty thing in the 
direction of that line in which the rays approach us last; 
for the image of c being reflected to the eye through th'j 
line b a, we must see it in the direction of the line 
A b D, or at d. The same may be proved of the inter¬ 
mediate parts between a and c. 

Hence, by referring to thb figure, you will readily un¬ 
derstand why a person may see a perfect image of him¬ 
self in a looking glass only half as high as he is tall, and 
the thing is easily proved by a theorem in geometry; for 
since a b is equal to twice a a , therefore b d, or its 
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equal A c, is equal to twice a i , which is the part of the 
glass by which the rays of light are transmitted to the 
eye. 

If you more forwards and backwards before a look¬ 
ing glass, the image of yourself seems to approach and 
recede, but with double the velocity of your own mo¬ 
tion ; because the eye will be affected with the motions 
of the object and its image, w hich are equal and con¬ 
trary. 

Ex. vn. In looking at the reflection of a candle in a 
looking glass, if w'e stand a little sideways, we see two 
images, one weaker than the other; which is occasioned 
by reflections from the upper and under surface of the 
glass —"the former giving the faint image, and the latter, 
or the silvered part, the vivid one. 

In reasoning on these subjects, we say the image is 
formed behind the reflector, because the reflected rays 
come to the eye precisely with the same inclination as 
they would if the object itself were actually behind the 
reflector. The image, however, is not so vivid as the 
object; because, though a plane mirror, or looking glass, 
is, in theory, supposed to reflect all the light which falls 
Tlipon it, yet, in practice, nearly half the light is found to 
be lost on account of the inaccuracy of the polish. 

Rays of light coming from the sun are supposed to be 
parallel to one another ; and on this supposition w e build 
our theory of reflected light by means of spherical mir¬ 
rors. 

When parallel ra)s fall upoti a concave mirror they 
will be reflected, and meet in a point at half the distance of 
the surface of the mirror from the centre of its conca- 
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vity. tf the parallel rays, ab, c md t and ef, fig. 12, 
fail upon the concave mirror a b, then a b will be re¬ 
flected along b m ; c d will be reflected alcyig d m , and 
e f along fm, and therefore they all meet in m, and m d 
is found to be equal to m c or the half of c d. 

Since the rays proceeding from any celestial object 
are parallel, tire image of the sun, star, &c., will be 
found at m t half way between the mirror and its centre 
of concavity, and the image will be inverted with re¬ 
spect to the object, because the rays cro$s each other. 
And it is a general rule, that when the image of an ob¬ 
ject is formed by a speculum, if the rays, after reflec- 4 
tion, converge to an actual focus, the image is inverted; 
and, therefore, as in the instance when they converge to * 
the point m, the image is inverted and less than the ob¬ 
ject, as will be evident by fig. 13, where a represents the 
actual image of the candle b, formed by the* concave 
mirror c. 

If the rays diverge from a vertical focus, the object 
will be erect, and at the centre of the speculum, the ob¬ 
ject and image subtend equal angles; but*if the object b, 
fig. 14, be nearer the speculum than the centre of con¬ 
cavity, then the image a will not only be erect but mag-, 
nified. 

Hence the rays which proceed from a remote tenres- 
trial object m e, fig. 1 o, will, after reflection, converge 
at a little greater distance lharf half way between the mir¬ 
ror and the centre of’ODtocavity, and the image will be 
inverted with respect to the object. 

If the object m e, move to the centre c, the image 
and object coincide; lienee the-following experiment: 

, K 

tf? 

► 

I 
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Ex. viii. If you stand before a large concave mirror, 
beyond its centre of concavity, you will see an inverted 
image of yourself suspended, as it were, in the air, and 
by extending your hand towards the mirror, the hand of 
the image will come out and coincide with it. But 
thrust your hand beyond the centre of concavity the image 
will pass beyond it, because as the object m e in the 
figure moves beyond c towards the mirror, the image e 
m moves beyond c from the mirror. 

A convex. m:rror always forms a virtual image of a 
real object, which is erect and smaller than the object, 
a, figure. t 14, may be considered as a candle before a 
convex mirror c, and b will be the image. You will 
perceive that the image is formed behind the glass, and 
as a person walks tow'ards a convex spherical reflector, 
the ima^e appears to walk towards him, constantly in¬ 
creasing in magnitude till they touch each other. 

There are other reflecting surfaces besides the plane, 
the regular convex, and the regular concave, and the 
images formed by them are called anamorphoses; these 
are produced Srom cylindrical concave mirrors, and as 
the mirror is placed upright or on its side, the image of 
•the picture is distorted into a very long or very broad 
image. I f a regular figure be placed before an irregular 
reflector the image will be deformed; but if an object, 
as a picture, be painted deformed, and agreeably to cer¬ 
tain rules, the image will appear regular. Such figures, 
and reflectors suited to them, are readily obtained at the 
shops of most of our opticians. 
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Light, of what composed—different refrangibility of the rays—Ex¬ 
periments with the prism—the Rainbow explained—Structure of 
the Eye— Uses of the several Parts—why Objects are seen erect— 
Causes of indistinct Vision pointed out. 

W e have hitherto considered light as a simple body; 
and have supposed that all light in passing out of one 
medium into another is equally refracted in ifie same or 
like circumstances. Such was the general opiivon, till 
the discoveries of the immortal Newton, who in the 
course of his investigations found that light is not a sim¬ 
ple homogeneous body, but is compounded oT different 
species, distinguished from each other by their colours; 
and that each species suffers a different degree of jefran- 
gibiltty, in passing out of one medium into another, and 
excites also in the mind the idea of a different colour 
from the rest. It is also known by the most decisive 
experiments, that those rays which are most refrangible*- 
are likewise most reflexibte, or most easily turned back. 
In other words, the sun’s light consists of rays which 
have a considerable inequality of refraction as they are 
transmitted Lhrough the medium of the atmosphere, and 
impress a sensation of colours as they are more or less 
bent in their course, which we call violet, indigo, blue, 
green, yellow, orange, and red . The latter or red rays 
are the least refrangible, and the violet the most refrangi-, 
ble, and the intermediate colours ha\e also intermediate 

k 2 
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degrees of refrangibility. These are all the primary co¬ 
lours in nature; some writers, indeed would reduce the 
seven to three, namely to the red, the green, and the 
violet: but whether they be three, or seven, it is certain 
that all other tints whatever are produced by the mixture 
of these. Whiteness is produced by a copious reflec¬ 
tion and due proportion of all the colours; and blackness 
proceeds from the peculiar quality of a body which stifles 
and absorbs the rays of light that fall upon it; so that, 
instead of reflecting them outwards, they are reflected as 
it were inwards till the incident rays are dost. 

The principle of colours may be illustrated and ex¬ 
plained by means of a glass prism, which is a solid piece 
of glass, with three flat sides, through w hich the sun's 
rays are refracted. 

Expepiment i. If a ray of light s, fig. If), be ad¬ 
mitted into a darkened room, through a small hole in 
the shutter x y t its natural course is along the line s d; 
butaf the glass prism a b c be placed to receive the ray, 
it will be bent upwards, and if it be taken on any white 
surface, M N, it will form an oblong image p T, the 
breadth of which is equal to the diameter of the hole in 
the shutter. Iif this oblong you will observe the seven 
colours, viz. the red at the bottom, which is least bent 
out of its course, then the orange , yellow , &c. till you 
come to the violet , which is the most refrangible, or 
that which is most bent out of its course. 

If the ray had been of one colour only, it would have 
been equally bent upwards, and made only a small circu¬ 
lar image. But since the image or picture ^ is oblong, it 
is inferred that it is formed of parts differently refrangi- 
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ble, some of which are turned more out of the way than 
others, those which go to the upper part of the spectrum 
being, as we have seen, the most refrangible, and those 
which go to the lowest part, the least refrangible. If 
the spectrum be received on a perforated plane, so that 
the simple colours may be allowed to pass each distinctly 
through the hole, it will be found that they still preserve 
their colour though they are refracted by another prism 
upon some other surface. # . 

If the prism be so placed that the ra^oftight proceed¬ 
ing from s, pass through the hole in the shutter as to be 
reflected, the violet rays will be the first rejected, and 
the red the last. 

There is a remarkable analogy between colours and 
sound, for the divisions of the uncompouuded colours 
on the spectrum agree exactly with the different divi¬ 
sions of a musical chord. The divisions on the spec¬ 
trum are in the following proportions: supposing the 
whole divided into 3t)0 parts, the red will occupy 45 
paits, the orange 27, the yellow 48, the green and blue 
(iO each, the indigo 40, and the blue 80.' 

Ex. 2. If a circular surface be divided into 360 parts, 
and painted according to the proportion just mentioned; 
and then a quick motion be given to it, the whole will 
appear of a dirty white; and if the colours were more 
perfect, the mixture of them by this circular motion 
would give a more perfect white also. 

From the refraction and division of the rays of light 
into their original primary colours by means ofdropsofrain, 
which act as so many prisms, the rainbow is produced. 

Ex. hi. If a, fig. 17, be a drop of rain, and s d a* 



lay from the sun falling upon, or entering it at d f it will 
not go to c, but be refracted to w, where a part will go 
out, but a p^rt also will be reflected to q t where it will 
go out of the drop, which acting as a prism, separates 
the ray into its primitive colours: the violet will be up¬ 
permost and the red the lowermost. The ray s d, if 
uninterrupted by the drop a, would proceed to c, but by 
the refraction at d f the reflection at n , and the refraction 
at r/, the rays are separated into the primitive colours, 
the violet ray x q extended to r, makes an angle with 
s c of 40* •• 17% and the red ray g q , extended to f f 
makes wieh s f an angle of 42’*-2': and the other 
- coloured rays will be found somewhere between these. 

The situation of the rain-bow varies according to the 
height of the sun: that is, the higher the sun the lower 
the rain-bow. You will frequently observe two rain¬ 
bows at the same time: the strong and vivid one, which 
is formed in the way now explained; and the other fainter, 
which is formed by two reflections and two refractions: 
thus if the ray t renter the drop at r, it is refracted to 
s, where it is reflected to /, and from thence again reflect¬ 
ed to u , where it comes out of the drop, and is divided 
Into its primary rays, the violet being the lowest, and the 
red ray the uppermost. 

The same circumstances take place with respect to a 
whole shower, which has been shown with regard to a 
single drop, and by the constant falling of the rain the 
image is preserved perfect. In figure 18, we have a 
representation of the two bows. The rays come in the 
direction s a, and the spectator stands at e, with his 
*b£ck to the sun. In other words, to see a rain-bow we 
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must be situated between the sun aud the shower, of 
which it is formed. 

Artificial rain-bows may be exhibited with a common 
watering-pot, or with a syringe fixed to an artificial foun¬ 
tain. It is often seen in cascades, and even in the foam 
of a rough sea. The colours observable on soap-bubbles, 
and the halos which sometimes surround the moon, are 
to be referred to the same origin. 

I will now call your attention to the,structure of the 
eye, and the uses of its several parts in vision. Jt is of 
a globular form, and composed of three coats, covering 
one another, and inclosing different substances, called 
humours. The three coats are the sckrotica , the c/to-. 
roides , and the retina ; and the three humours are 
the aqueous , the crystalline, and the vitreous . Thus, 
iig. 19, A b c d e, represents a section of» the eye; 
the three concentric circles, the three coats; the ex¬ 
ternal one is called the sclerotica , of which c x d is a 
part denominated the cornea. Underneath the* sclero¬ 
tica is the choroides, which is divide^ into two parts, 
that in front, which is sometimes blue, sometimes brown, 
sometimes black, is called the iris, and the back part, 
the choroides . The third or inner coat z, is the retind, 
which is an expansion of the medullary part of the optic 
nerve a, and serves to receive the images of objects 
produced by the refraction of the different humours of 
the eye, and painted, as it were, upon its surface, a is 
the optic nerve intended to convey to the brain the sen¬ 
sation produced upon the retina. 

The cornea, or white of the eye, is represented fig. 20 ; 
by c, the iris a b is composed of two kinds of muscles, 



200 


OPTIC 8. 


the one tending to the centre, and the other forming a 
number of concentric circles round the same centre. 
The central part of the iris is perforated, and the orifice, 
which is denominated the pupil, vaiies in magnitude by 
the action of the two sets of fibres composing the iris, 
which action is affected by the quantity of light to w hich 
the eye is exposed. In a daik room the radial fibres of 
tiie iris contract, and the pupil is large, but in the glare 
of the suu the* circular fibres contract, aud make the 
pupil very small. 

The three humours of the eye are denominated the 
aqueous , cft/stalline, and vitreous humour. The aque¬ 
ous is the most fluid, being thin and clear, like water, 
whence it takes its name, and fills up the space imme¬ 
diately behind th.; cornea, and it is divided into two por¬ 
tions by tlffe iiis, which seems to swim in it. The ciys- 
lailjiie, which answers to d f, fig. IJj, is a double con- 
\ex lens, contained in a strong and transparent mem¬ 
brane, and suspended behind the aqueous humour by a 
certain ligamen*. The vitreous humour receives its 
name from its appearance, which is like melted glass. 
|t is not so hard as the crystalline, nor so liquid as the 
aqueous humour : it fills ail the interior of the eye m, n , 
behind the crystalline humour. Such is the structure of 
the eye : the eye-brows defend the eye from too strong 
a light; and they prevent the eyes from injuries by the 
sliding of substances down the forehead : and the eye¬ 
lids act like curtains to cover and protect the eyes during 
sleep ; in our waking hours they diffuse a fluid over the 
eye-ball which keeps it clean, and well adapted for 
transmitting the rays of light: and the eye-lashes, in a 
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thousand instances, guard the eye from danger, and pro* 
tect it from floating dust with which the atmosphere 
abounds. a 

Objects are seen by means of their images which are 
painted on the retina of the eye: thus an object, as an 
arrow, a b c, fig. 21, sends out rays that fall on the 
cornea of the eye, between E and r, and by passing on 
through the pupil and humours, they will be converged 
to as many points on the retina, and will there form a 
distinct inverted picture, c b a. For tjj& pencil of rays 
m n o flowing from a will be converged to the point a 
on the retina; those from b will be converged to the 
point b ; those from c to the point c f and so of the in¬ 
termediate points ; by which means the whol* picture 
a b c is formed, and the object becomes visible. Though 
the images of objects are painted on the retina in an 
inverted state, yet they are seen erect, so that* the mind 
is never deceived w ith respect to the position of objects. 
The reason of this curious phenomenon has nev^r been 
completely explained; but in the fifth volume of the 
Scientific Dialogues, Conversation xva the subject is 
illustrated in a familiar mauner with a number of appo¬ 
site examples. 

On this subject Dr. Young, in his Lectures, vol. i. 
p. 449, observes, that “ Opticians have often puzzled 
themselves, without the least necessity, in order to ac¬ 
count for our seeing objects*in their natural erect posi¬ 
tion, w hile the image on the retina is really inverted ; 
but surely the situation of a focal paint at the upper part 
of the eye could be no reason for supposing the object 
corresponding to it to be actually elevated. We call. 

k S 
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that the lower end of an object which is next the ground; 
and the image of the trunk of a tree being in contact 
with the image of the ground on the retina, we may 
naturally suppose the trunk itself to be in contact with 
the actual ground. The image of the branches being 
more remote from that of the ground, we necessarily 
infer that the branches are higher, and the trunk lower: 
and it is much more simple to compare the image of 
the floor with the image of our feet, with which it is in 
contact, than wi*h the actual situation of our forehead, 
to which the image of the door on the retina is only 
accidentally near, and with which indeed it would per- 
haps be impossible to compare it, as far as we judge by 
the immediate sensations only. 

You will now readily perceive the causes of indistinct 
vision, and understand the remedies that are applied. 
To see an object distinctly, it is necessary that every 
pencil of diverging rays, which comes to the eye from 
the object, should be converged to a point on the retina, 
corresponding to that from which the rays have diverged. 
If these aie cdnverged too soon, or before they reach 
the retina, or are not converged till they get beyond the 
, retina, then the vision is indistinct: these defects are 
occasioned by the eyes being either too convex, or not 
sufficiently convex. When they are more convex than 
necessary, concave glasses or spectacles are used, and 
when they are too flat we ‘nave recourse to convex spec¬ 
tacles. 
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Colours of Bodies explained—Light the cause of Colour—Colours 
of Flowers explained—All Bodies when very thin are partially 
transparent—Opake Bodies how rendered transparent—Colours 
of the Cameipou explained—Colours of thc^$jky and Clouds ac¬ 
counted for—Colours caused by transmitted Light—Microscopes 
—Telescopes—Camera-Obscnra—Magic Lanthorn—Phantasma¬ 
goria—Multiplying-glass. 

r 

You arc still at a loss to account for the different 
colours of bodies. They exist only in the rays of light 
which fall upon them, and are reflected off on all sides: 
a circumstance which is easily explained, mow it is 
known that light itself is compounded of distinct and 
separate colours. This cloth we call blue, because it 
absorbs the other rays, and reflects only those wWh are 
blue: and so of any other colour. r £he whiteness of 
paper, or of snow, is occasioned by its reflecting the 
greatest part of all the rays in the same mixed state in 
which they fall upon it. On the contrary, black is oc¬ 
casioned by the substance absorbing all the ra^s: or 
more generally, those bodies which have the property of 
reflecting only the red rays 4vill appear red, those which 
reflect the greens, blue, &c. will appear green, blue, &c. 
White is a compound of all the seven primary colours; 
and black is an entire deprivation of them all; and those 
which reflect some rays of one colour and some of ano- 
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ther will be the intermediate shade or colour between 
both. 

To prove t^iat colour is not inherent in bodies, but in 
the light itself, it can be shewn, that no object what¬ 
ever can reflect any other kind of light than that which 
is thrown upon it. If this red ribbon be placed in a 
violet ray, it will instantly appear of a purple hue, which 
is a«mixture of the red and violet. No art can alter the 
separated ray; it gives its tint to every object, but will 
assume none froci^any: neither reflection nor refraction, 
nor any other means, can make it forego its natural hue. 

Since the red rays are found to have the greatest effect 
upon A hitman eye, it has been supposed that they are 
'largest; $nd that those which least affect the vision are 
the smallest: these are the violet and the green, which 
are most agreeable to the eye, and w'ith which we are 
most conversant, in the clouds above and the grass be¬ 
neath. 

Without light there would be no colours, and the 
diamond would lose its brilliancy: the vegetable and 
animal tribes depend upon light for their colours and 
their existence. Close wooded trees, as the cedar, the 
£ew, the cypress, &c. have leaves only on the outside, 
the inner parts are almost entirely barren of leaves.— 
Oreeij-house plants turn their flowers to the light, and 
if the light be excluded from them, they sicken and 
shortly die. 

••Sortie flowers, as the heart’s ease, have their flowers 
of different colours, even on the same petals; but if 
these are examined with a microscope, the parts which 
differ in colour will be found to differ in texture also. 
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The texture of the petals of the white and red rose is 
also different. 

The colours of natural bodies then are produced by 
the disposition which they have to reflect one kind of 
rays more copiously than another. Of course, if light 
were homogeneous, that is, if it consisted of only one 
sort of rays, there could be but one colour in the world, 
and no reflections nor refractions could produce another. 
According to this theory, which is unquestionably accu¬ 
rate, the ruby absorbs the other colours,*and reflects the 
red : whereas the amethyst in the mineral, hnd the violet 
in the vegetable kingdom, absorb the red, yellow, &c. 
and reflect the milder brightness of the violrt. Hence, 
every coloured object, as we naturally call them, may 
be considered as separating from light one or more co¬ 
lours, and absorbing the rest. 

Those surfaces of transparent bodies vihichP have the 
greatest refracting power, reflect the greatest quantity 
of light: thus diamonds, which refract the light very 
strongly, afford a stronger reflection, and hence proceed 
the vivacity of their colours, and their bylliant lustre. 

I may observe to you, that almost all bodies when re¬ 
duced to great thinness, are, in a measure, transparent^ 
and the opacity arises from the number of reflections 
caused in their internal parts. Take, as an instance, the 
hair of your head, which in the mass is perfectly opake; 
but view a single hair by mgatis of the microscope, and 
you will see it is nearly transparent. Gold, which is the 
heaviest and most dense of all the metals except platina, 
w hen beat into thin leaves, will admit the rays of light to 
pass through them. 
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Many opake bodies become transparent by filling up 
the pores with any substance of nearly the same density 
with their parts. Thus when paper is wet with oil or 
water, or wlieti linen cloth is varnished, they become 
more transparent than they were before. On ihe other 
hand, separating the parts of a transparent body renders 
it opake. The most transparent glass, reduced to pow¬ 
der becomes opake; the same thing happens to horn 
on its being scraped and made thinner; to water reduced 
to the shape *o/ steam; and to many other substances 
treated in the*same manner. 

Water mixed with air, by being shaken so as to be¬ 
come frort., though both substances were originally 
»transparent, is now opake. But metals, dissolved in 
acids, give perfectly transparent results : thus solutions 
of gold in nitro-muriatic acid, and silver in nitric acid, 
are transparent. 

It is supposed, that the transparent parts or particles 
of bodies, according to their several sizes, must reflect 
rays of one colour, and transmit those of others in the 
same manner a^thiii plates, or soap-bubbles, reflect or 
transmit these rays, which is the cause of all their co¬ 
lours. On this principle is explained the variety of 
Colours seen in some silks and stuffs, and in the finely 
coloured feathers of the peacock, and other birds: like¬ 
wise those of the cameleou, the skin of which is trans¬ 
parent, and the animal, beivg endowed with the faculty 
of blowing up or contracting its skin at pleasure, causes 
the colours to vary. 

In the passage of light through the atmosphere, the 
fainter coloured rays are stopped in their passage through 
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the atmosphere, and thence reflected upon other bodies; 
while the red and orange rays are transmitted to greater 
distances, which accounts for the blue colour of the sky, 
and the red colour of the clouds, when the sun is near 
the horizon. 

Mr. Delaval, who gave an account in the Manches¬ 
ter Transactions of mauy experiments made to ascertain 
the manner in which colours are produced, maintains, 
that they are exhibited by transmitted light alone, and 
not by reflected light. He contends, that the original 
fibres of all substances, when cleared of heterogeneous 
matters, are perfectly white, and that the rays of light 
are reflected fiom these white particles through the 
colouring matter with which they are covered,^and that* 
this colouring matter serves to intercept certain rays in 
their passage through it, while a free passage being left 
to others, they will exhibit according to these circum¬ 
stances, different colours. As an instance, he says, the 
red colour of the shells of lobsters, after boiling, is only 
a superficial covering spread over the white calcareous 
earth of which the shells are composed and may be re¬ 
moved by scraping or filing. Before they are boiled, 
this covering is so thick as to admit the passage of light 
to the shell and back again ; but where this transparent 
blue colour of the unboiled lobster is thinner, it con- 
stantly appears like a blue film. In the same manner, 
the colours of the eggs of «certain birds are entirely su¬ 
perficial, and may be scraped off, leaving the white 
calcareous earth exposed to view. The case is the same 
with feathers, which owe their colours wholly to a very 
thin layer of some transparent matter upon a white 
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ground; this was ascertained by scraping off the super¬ 
ficial colours from certain feathers, which separated the 
coloured layers from the white ground on which they 
have been naturally spread. 

Having, my young fiiriid, had occasion to allude to 
the microscope, I will now give a description of that in¬ 
strument, and shew you its construction. M icroscopes are 
intended for viewing small objects, which the eye with¬ 
out such assistance could not see, either at all, or at least 
not distinctly., . 

We cannot see small objects at a nearer distance than 
about six inches, and it is to enable us to look at them 
much uear/T than this, that we make use of glasses, be¬ 
cause the apparent magnitude of objects is measured by 
the angle under which they are seen by the eye, and 
these angles are greater or less according as the same or 
equal objects are nearer to, or farther from the eye. 

Experiment i. Suppose x and z , fig. 22, to be two 
equal objects, one at the distance of six or seven inches 
from the eye e, which is the distance of distinct vision, 
and ihe other at half that distance ; to enable the eye to 
see the object x, a lens must be interposed somewhere 
between x and e, which is to cause the rays that proceed 
?rom the object to go out of the lens parallel to one ano¬ 
ther, and by this means they w ill be converged to a focus 
on the retina. 

Ex. 11 . Take a single point of the object (since what 
is shewn with regard to one point holds good in all, for 
every point of an object to be visible, must be brought 
to a focus on the retina), the point x , fig. 23, being near 
the eye, will throw out its rays too divergent to admit of 
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distinct vision: to remedy this, a lens /, fig. 24, is inter¬ 
posed, so as the object x may be in the focus of it, 
which causes the rays to go out parallel to one another, 
and the object is distinctly painted on the retina; of 
course it appears as much larger at x than at 2 , as the 
angle a e b is greater than m E w, fig. 22. 

Since then convex lenses render objects distinctly visi¬ 
ble to the eye at the distance of their foci, they becoftie 
of themselves microscopes. 

Ex. 111 . If the distance x f fig. 23, fee \ inches from 
the eye, where it is seen distinctly, and the focal distance 
of the lens /, be j an inch, then since l x is only -fa of 
e .r; the length of the object at x , fig. 24, will appear 
J4 times as large as it would at x , fig. 23, mthout a 
lens ; and the surfaces of bodies being as the squares of 
their diameters, or in this case as the squares of their 
lengths, the surface of x f in fig. 24, would appear 
14X14=190 times larger than at x, fig. 23, where 
no lens is interposed. 

In some small lenses the focal distance is not more 
than A or the fa of an inch; then, in thefsame example, 
the length would be magnified 28 or 70 limes, and the 
sui lace 28 x 28=784 or 70 x 70=4900 times. 

You will perhaps ask, whether the lens does not ac¬ 
tually magnify the object; it is a natural question,*and 
my reply is, that the increase of size regards the appa¬ 
rent not the real magnitude # of objects. They appear 
larger with, than without the lens, but that is because 
the eye is enabled to see them at a much smaller distance. 

Ex. iv. Bring your eye to within a couple of inches 
of the letter you are reading, and you cannot possibly 
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make out a single letter ; but at the same distance look 
at it through a small hole, made with a needle or pin, in 
a sheet of brown paper, and you can read very readily 
all that I have written. The hole in the paper caunot 
increase the size of the letters, but it only enables you 
to see at a shorter distance than you could without it; 
so it is with the lens; and whatever instrument or con¬ 
trivance can render minute objects visible and distinct is 
a microscope. 

Ex. v. There are three kinds of microscopes: the 
single, the compound, and the solar. 

The single microscope is nothing more than a double 
convex lens, such as 1 have already described, having the 
object in one focus, and the eye at the same distance on 
the other side. The magnifying power of this is found by 
dividing 0 or 7 inches, according as the eye sees best at 
the one distance or the other, by the focal distance of the 
lens. To you, who are short sighted, a lens will not 
magnify so much as it does to me; for if its focal distance 
be the -j^th of an inch, to you it will magnify 60 times; 
and to me, who can see better at 7 inches than at 6, 
it will magnify 70 times, and the surfaces will be mag¬ 
nified to you 60 x 60= 3600 times, to me 70 x 70=4900 
lines. 

Ex. vi. The compound microscope consists of an 
object-glass, and an e}e-gl?ss, a section of one with a 
section of the human eye, are given in fig. 25, it con¬ 
sists of the object-glass c d, and the eye-glass ef ; the 
object to be view r ed, is a b , which is placed rather be¬ 
yond the focus of the glass c d, so that the pencils of 
*rays flowing from the different points of the object, and 
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passing through the glass, may be made to converge and 
uuite in as many points between g and h t where, if a pa¬ 
per were placed, it would be found that *an inverted 
image is formed; which image, and not the object, is 
viewed by means of the eye-glass tf. The image g h 
i9 in the focus of f c , and the eye is about the same dis¬ 
tance oil the other side of the lens; so that the rays at e 
f going out parallel (see fig. 6.) wilt continue so, till they 
come to the eye at k , where they will ^.converged by 
the refractive powers of the crystallinS and other hu¬ 
mours, and crossing each other in the pupil they will 
be collected into points on the retina, ancLform the 
large image a b upon it, which will be erect with 
regard to the object, and of course will appear to be 
inverted. 

The magnifying power of the compound microscope is 
in proportion as the image g h f is larger than the object 
a b, and likewise in proportion as w'e are able to view it 
at a less distance. If g h be 5 times larger th&n a b 9 
and by the help of the eye-glass ef 9 we can see 12 times 
nearer than we could by the naked eye, then the length 
of the object will be apparently magnified 60 times, and 
the surface 3600 times. 

Ex. vii. Sometimes there are two eye-glasses, to 
enable the observer to have a better view of the o6ject, 
though one not so much magnified. A microscope fitted 
up, is represented by fig. 26, the object is placed on 
the brass stage F, in which is a small hole to admit upon 
it a strong light from the speculum h ; at Q is the object- 
glass by which the magnified image is made as at g h , in 
fig. 25; at b is a large lens, to increase the field of view £ 
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and at A is an eye-glass, in the focus of which is the 
enlarged image of the object. 

Ex, vu y. The solar microscope can be used only 
when the sun shines strongly; it is composed of a tube, 
a plane mirror a b, fig. 27» the lens x in the shutter d z, 
and another lens a in the tube; the mirror receives tlie 
sun’s rays, s s, and is so placed as to reflect them through 
the lens x ; these illuminate the object c g, which object 
is placed in the focus of the lens a, here the rays from 
the object cjoss and diverge to a white screen or table¬ 
cloth, &c. on which the image of the object is painted. 
The magnifying power of this instrument depends on the 
distance of the screen from the window; eight or nine 
feet give a good distance, and the size of the image is to 
that of the object, as the distance of the former from 
the lens a, to that of the latter. 

Telescopes are optical instruments used for view¬ 
ing objects at a great distance: of these there are two 
kiuds, .viz. the “refracting,” and the “ reflecting.” 

Ex ix. The common refracting telescope consists of 
an object-glass, and an eye-glass of course; on the 
same principle as that of the compound microscope, it 
• inverts the image with respect to the object, and is unfit 
for viewing terrestrial objects. Fig. £8, is the represen¬ 
tation of the section of such a telescope, x y is the object, 
the image of which is, by means of the lens o p, formed 
at m d; this is the focus of the eye-glass g h; therefore, 
the rays of each pencil, after passing through the glass, 
will be parallel, but the pencils will cross at the focus 
od the other side, as at c, and the pupil of the eye be- 
jug in this focus, the image will be viewed under the 
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angle g e h, and being at e, it will appear magnified, 
so as to fill the space c d. 

The magnifying power of this telescope *is found by 
dividing the focal distance of the object-glass by the 
focal distance of the eye-glass: thus, if the focal distance 
of the object-glass be 120 inches, and it admit of an 
eye-glass whose focal distance is 2\ iuclies, or 2.5 ; the 
former 120 divided by 2.5, gives 48 for the number of 
times that such a telescope will magnify t}i§ diameter of 
an object. 

Ex. x. To shew terrestrial objects erect, the teles¬ 
cope must have one object-glass, c d, fig. 2<J,«and three 
eye-glasses, cj,gh, i k. Here the pencils of rays flow¬ 
ing from a b, pass through the lens c d, and form the 
image c d at f, which is the focus of the lens ef } from 
whence they pass on to the next glass g h, and ip passing 
it they aie converged to the points in its other focus 
w here they form an erect image, e r, at m f and as this is 
in the focus of the eye-glass i k, and as the eye is *at the 
same distance on the other side, the image is viewed 
through the eye-glass as in the other, only in a contrary 
position. The three eye glasses have all their focal dis¬ 
tances equal, and therefore, the magnifying power is 
found by dividing the focal distance of the object-glass 
by the focal distance of either of the eye-glasses. 

The reflecting telescope is thus described: let a b , 
fig. 30, be a distant object; parallel rays issuing from it, 
will be reflected from the concave mirror c d to its focus 
m , ats t t where the image is formed; there they cross 
and pass on to the small mirror e ?/, from which they 
are reflected through the hole o in the large mirror, to b, 
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where there is a plano-convex lens, which causes them 
to form an erect image at r, which is magnified by the 
lens s, and 'is seen by the eye as large as z y. You will 
remember that the hole o in the large mirror does not in 
the least distort the image, but is only the cause of the 
loss of a little light. 

There are various constructions of the reflecting tele¬ 
scope ; but from what has been said you will easily un¬ 
derstand the general principles on which they are formed. 

I will mention another instrument or two; the “ ca¬ 
mera obscura” is made by fixing a convex glass in a 
hole of th*j shutter, and if no light enters the room but 
through the glass, the pictures of all objects on the out¬ 
side may be seen in an inverted position, on a white pa¬ 
per placed in the focus of the lens. 

The construction of the “ magic lanthorn” is very 
simple, consisting only of a tin lanihorn, within which is 
a lamp whose light passes tluough a great plano-convex 
lens, placed in a tube fixed in the front. This strongly 
illuminates lhe 4 small transparent painting on glass placed 
before the lens in an inverted position: another tube, 
containing a convex lens, slides within the other so as to 
' adjust the focal distances of the glasses. 

The exhibition of the u phantasmagoria” which ex¬ 
cited so much attention and surprise a few years since, is 
a “ magic lanthorn'* of a peculiar construction. In the 
common lanlhorns, the figures are painted oil glass, and 
the rest of the glass is transparent; of course the image 
on the screen is a circle of light having a figure on it. In 
the phantasmagoria the whole of the glass is opake ex- 
' cept the figure, which being painted in transparent co- 
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lours, the light shines through it, and as no light can 
come upon the screen, but what passes through the 
figure itself, we have on the screen a figure* only with¬ 
out any circle of light. The representation is thrown on 
a thin screen of silk, placed between the lanthorn and 
the spectator. By moving the lanthorn farther from the 
screen, or by bringing it nearer to it, the image appears 
to approach or recede. The size of the image increases 
as the lanthorn is carried back, because th£«rays come in 
the form of a cone; and as no part of the screen can 
be seen, the figure appears to be formed in the air, and 
to move farther off when it becomes smaller, and to ap¬ 
proach as it increases in size, though in truth it is always 
at the same distance. 

The principle of the multipl)ing glass is this: the 
glass is originally a double convex lens, and the «ide$ in¬ 
stead of being left convex, are cut into a number of flat 
surfaces, and as rays of light proceed from objects in all 
manner of directions, some will fall on every surface of 
the glass, and a distinct picture of the object will be seen 
through each of them; therefore, by increasing the num¬ 
ber of surfaces we have the greater number of pictures 
of any object at which we direct the glass. The object 
will not appear magnified, but as rays flow from it to all 
parts of the glass, and each plane surface will refract 
these rays to the eye, the same object will appear to the 
eye in the direction of the rays, which enter it through 
each surface. 
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LETTER XXIV. 

i 

The importance of Astronomy- Common appearances—Magnitudes 
of the heavenly Bodies -Planets—Fixed Stairs—Comets—Fixed 
Stais, how divided—Constellations—Distances of the fixed Stais, 
nebulae, &c. 

s 

Astronomy, my young friend, is one of the most 
interesting, ns well as most important sciences which can 
occupy che human attention. It presents to us a long 
seiies of discoveiies, almost from the commencement of 
time to the present day. Though you cannot lock back 
so far, yet it is less than 40 jears since a planet, with 
its attendant {noons, unknown to the inhabitants of the 
earth, from its creation, was discovered by the celebrated 
Herschel. And the present century, though so recent, 
has presented us with four oilier planetary bodies, 
different indeed from the other planets in their magni¬ 
tudes, but in many respects bearing a strict analogy with 
them. 

The world, according to the opinion of unlettered 
and unthinking men, is composed of two principal paits, 
the eaith and the sky. To them the earth appears as 
a vast flat surface extending itself circularly on all sides: 
when a person changes place upon this surface, he loses 
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sight of certain countries, and discovers others, yet he 
always considers himself at the centre of the extent 
presented to him. The sky seems as a \ast canopy 
spangled with the sun, moon, and stars, placed to minis¬ 
ter to his enjoyment, and that of his fellow mortals. 

The apparent motion of the sun and stars is obvious 
to the most inconsiderate, and the mass of the peopjc 
never think of enquiring into the causes. In the morn¬ 
ing, they see the sun rise in the east, ?nd behold him 
traverse, in the course of the day, the vault*of the hea¬ 
vens, and then as regularly set or disappear in the even¬ 
ing in the west. These circumstances, so important to 
the happiness and well-being of man, are overlooked, 
because they are common. But if it were possible for 
a being possessed of reason and understanding to behold 
the phenomena for the first time in his existeilte, what 
what would be his joy at the appearance of that lumi¬ 
nary which brings light .and life in his train ; and how 
gloomy must be his sensations when he saw it appa¬ 
rently take its leave for ever. We cannot^enter into the 
feelings which such a situation would infallibly produce. 
From our infancy we are accustomed to behold alternate 
light and darkness, and expecting the one to succeed the 
other, it occasions no surprise, and too frequently, # no 
gratitude to the Being who has appointed them, for the 
wisest and most beneficial purposes. 

If in a fine clear night, and on an eminence where 
the view is uninterrupted, we follow with attention, the 
appearance of the heavens, it will be seen to vary at 
almost every instant. Some stars are rising, in the 
eastern part of the heavens, into our sight, othars on 

L 



AS l'KONOMY. 


i£18 

the opposite side are sinking into shade: some which 
now appear just over our heads, decline towards the 
west, and ottiers mount to their places. Some, indeed, 
and these very remarkable stars, and constellations of 
stars, never disappear, never sink, as others apparently 
do, into the western ocean : of these we may reckon the 
pple star, and those known by the name of Charles’s 
wain, or the ursus major, or great bear. Thus the whole 
heavens appear to revolve about two fixed points, called 
from this circumstance, the poles of the world : one of 
these is ever elevated above our horizon, and the other is 
perpetually below it. These appearances, which are 
obvious to all who are blessed with eyes to witness the 
wonders of creation, excite several interesting enquiries. 
What becomes during the day of the stars, which we 
have seen at night ? Whence do those come which be¬ 
gin to appear ? Where are those gone which have left 
our view ? There are other questions of similar import, 
which it will be my business in this and some following 
letters to ans^r, I hope, to your satisfaction. 

Your own observations will go to resolve some seem¬ 
ing difficulties. In the morning, the brilliancy of the 
starry firmament grows fainter as the dawning light 
increases: in the evening, the splendour gradually in¬ 
creases as the twilight diminishes: it is not, therefore, 
as you may infer, because they cease to shine, but be¬ 
cause their light is effaced by the more vivid light of 
the sun, that we are unable to see them. The tele¬ 
scope proves this beyond all doubt, for with that instru¬ 
ment the stars are visible even when the sun shines the 
brightest, and those which are near enough the poles 
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nevei to reach the horizon, appear constantly above 

it. 

The sun and moon appear to us larger thftn the other 
heavenly bodies, but we cannot, from their apparent mag¬ 
nitudes, infer what is their real size. The apparent 
diameters of these bodies are easily obtained by means 
of good instruments; and if by any means we can come 
at their distances, we have then sufficient data to find 
their relative magnitudes. This is applicable to the sun, 
moon, and planets; but no method yef has been disco¬ 
vered by which we may appreciate the magnitudes and 
distances of the other stars. , These appear (inly as bril¬ 
liant points in the heavens; but perpetually retaining 
the same mutual position with respect to one*another, 
and rising and setting at the same points of the horizon, 
they are denominated fixed stars, in opposition to the 
others, which are continually changing their place in 
the heavens, and which are on that account called 
planets or wanderers. Observe the moon, for instance, 
or Venus, when she is visible, for a few successive even- 
lugs, and you will find it never rises twice at the same 
point of the horizon, and a few days will make a mate¬ 
rial difference; but the same observation extended to* 
Arcturus, or Sirius, or auy other w r ell known permanent 
star, will give you clear and distinct ideas of the diffe¬ 
rence between planets and fitted stars. 

Besides the planets and fixed stars, there are occa¬ 
sionally seen in the heavens other luminous bodies, 
which are usually attended with a kind of tail, or as if 
they were surrounded with hair; hence they are denomi¬ 
nated comets, or hairy stars, from the Latin word coma ,* 

l 2 
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hair. The motions of these bodies, and their orbits, 
that is, the paths in which they travel, are different from 
those of the"planets, and therefore it is always difficult, 
and frequently impossible, to calculate the periods of 
their return; whereas we can ascertain the periodical 
revolutions of Jupiter, Mars, See. with as much preci¬ 
sion as we calculate upon the return of day-light and 
darkness among ourselves. 

Planets and pomets are uot merely distinguished from 
the other stars by their motions, but they differ as much 
in their light, which is more steady, and less subject to 
that tremulous appearance, which we denominate twink¬ 
ling. 

The tixed stars undoubtedly shine by their own light, 
but the planets, their moons, and the comets, shine by 
light borrowed from the sun. When seen through a 
telescope which magnifies considerably, they appear with 
well-defined circular disks.—This is not the case with 
the fixed stars, which, however magnified, appear merely 
like luminous points. Both the planets and fixed stars 
differ much in colour from one another. The twinkling 
of the fixed stars is generally referred to changes which 
tire perpetually taking place in the atmosphere through 
which their light passes to us. Of their actual magni¬ 
tude, as we have observed, we can give no account; but 
in common language, they are divided into seven orders, 
according to the degrees of their apparent brightness; 
we call the brightest, stars of the first magnitude, and 
those that are the least bright, and most difficult to be 
distinguished by the naked eye, are stars of the sixth 
^magnitude. Those of the seventh are visible only with 
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an instrument, and arc called telescopic stars. Philoso¬ 
phers, not being able to ascertain the distances of the 
fixed stars, have not beeu deficient in conjectures, and 
upon apparently lational grounds, they suppose the 
nearest fixed star must be a hundred million millions of 
miles from us; and they infer that the diversity of their 
apparent magnitudes is principally owing to their dif¬ 
ferent distances. 

Experiment. The light of stars of different mag¬ 
nitudes, situated near each other, may be ^compared by 
viewing them through two apertures of different sizes, 
cut in caids, one held before each eye—tlfte apertures 
being reduced to such magnitudes, that the stars may 
appear equally bright. See Dr. Young’s Lectures, vol. i. 
p. 49'jJ. 

The ancients divided the starry sphere into particular 
constellations, or systems of stars, according as they Jay 
near each other, so as to occupy those spaces which the 
figures of different sorts of animals or things would take 
up if they were there delineated. Thi%is a convenient 
method for distinguishing them from one another; so 
that any particular star may be readily found in the hea-. 
vens by means of a celestial globe, on which the con-’ 
stellations are so delineated as to put the most remark¬ 
able stara into such parts of the figures as are most easily 
distinguished. You may tu#n to your globe, and you 
will observe there are about seventy constellations 
marked on its surface—though the ancients counted only 
fifty. I will, at the end of my letter, put down their 
names and the number of the stars noticed in each, by, 
Ptolemy, who was one of the first observers, and by 
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Flamsteed, who was one of the latest. You will se - 1 
also on your globe, that there are ceitain Greek letters 
marked against the stars, the first of which in the several 
constellations in the alphabet is always put to the stars 
of the first magnitude, the second to the next, and so 
on; by this method, which was invented by Bayer, a 
Geiman astronomer, more than 200 years ago, the stars 
me as easily distinguished as if each had an appropiiate 
name. Thus, .’f I W'ere to ask you to find /3, 7 , or 5 of 
the constellation Leo, you would point them out as 
readily on the globe, and after that in the heavens, as 
you could'the constellations themselves. 

The heavens are also divided into three parts, viz. into 
the zodiac, and the parts on each side of it, north and 
south. The zodiac goes quite round the heavens, and is 
about sixteen degrees broad; it is denominated zodiac 
from a Greek work signifying animal, because most of 
the constellations in it have the names of animals: they 
are Am es, the ram: Taurus, the bull: Geminj, the 
twins: Can CfR, the crab: Leo, thelion: Virgo, the 
^virgin : Libra, the balance : Scorpio, the scorpion : 
Sagittarius, the archer: Capricorn us, the goat: 
Aquarius, the water-bearer : and Pisces, the fishes. 

Within the zodiac the orbits of the moon and planets 
are situated j and along the middle of it is the ecliptic, 
or that circle which the ejarth actually describes, and 
wliich the sun, to us, appears to describe. 

Besides the constellations, there are some single stars, 
and small collections of stars, that have particular 
names; such is the bright star in the breast of the lion, 
called cor Leonis, or the lion’s heart; a large star be- 
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tween the knees of Bootes, is called Arcturus; the 
cluster of small stars in the neck of the bull is called 
the “ Pleiadesand the five stars in th$ bull’s face, 
the “ Hyades.” 

Some of the stais are found by a good telescope to 
be much nearer together than the rest, so as to form 
what is denominated a nebula. The ancients had noticed 
a few of the most conspicuous nebulai; but Huygens, 

whose name you will often meet with in connection with 

• • 

the sciences, first directed the attention of modern astro¬ 
nomers to the large nebula situated in the constellation 
of Orion. Dr. Hcrschel, in more receipt times, has 
composed a catalogue of 2500 nebula. Perhaps all 
stars aie disposed in nebulae, and those which^appear to 
us to be more widely separated, are individual stars of 
that particular nebula in which we are placed, and of 
which the most distant parts may be observed in the 
form of a lucid zone, called the milky-way, being too 
distant to allow' its single constituent stars to # be per¬ 
ceived by the naked eye. Supposing all the stars in this 
nebula to be as remote from each other as the nearest 
of them are from the sun—and it has been calculated 
that the most distant must be 500 times as far from us 
as the nearest—and that light which is probably 15 or 
20 years in travelling to us from Sirius, would be 10,000 
years in coming to us froip the boundary of the milky- 
way. It has likewise been calculated that a nebula of 
the same size as this to which we are supposed to be- 
long, and that should appear only a diffused light, of a 
degree in diameter, must be at such a distance that its 
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light, travelling at the rate of 200,000 miles in a second; 
v ould require a million of years to reach us. 

I must tell you, that the fixed stars are now found to 
be not absolutely immoveable with respect to one an¬ 
other : for it has been proved that Arcturus and other® 
have progressive motions, amounting to two seconds or 
more annually: but the distances of these stars being so 
gre&t, it is almost impossible, but by the nicest and long 
continued observations, to detect the motion®, though 
they may actually revolve about one another. It is time, 
however, that I put an end to this letter, which I will 
with giving you a table, as I promised, containing the 
names of the constellations, and the number of star® 
observed in each by Ptolemy and Flamsteed. 

TABLE. 


The /Indent Constellations. 

PtoUnvj, 

riunisle 

Ursa Minor .. 

.The Little Bear. 

8 

21 

Ursa Major. 

.The Great Bear. 

*n * 

• * Jd 

37 

Draco .... 

•The Dragon . 

.. 31 

80 

Cepheus . 

•Cepheus. 

. 13 

35 

Bootes, Arctophilax . rt .. 

.Bootes . 

,.. 23 

51 

Corona Borealis. 

.The Northern Crown 

8 

21 

Hercules, Engonasin . 

.Hercules Kneeling.... 

,.. 29 

113 

£yra. 

.The Harp . 

,.. 10 

21 

Cygnus, Gallina . 

.The Swan . 

,.. 19 

81 


Cassiopeia .The Lady ill tier Chair.. 13 65 

Perseus.Perseus . 29 59 


Auriga . 


... 14 

66 

Serpentai ius, Ophiuchus Serpentauus. 

.... 29 

74 

Seipens. 


.... 18 

64 

Sagitta. 


i ■ « ■ 

18 

Aquila, Vultur .. 
Antinous 

.Antinous 5 

• ■ i • li) 

71 
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The Ancient Constellations. Ptoler, 

Delpliinns.The Dolphin. 10 

Equuleus, Equisectio . .The Horse’s Heat]. 4 

Pegasus, Equus .The Flying Horse. 20 

Andromeda.Andromeda . 23 

Tiiangulum.TheTiiangle. 4 

Aries.The Ram . 18 

Taurus .The Bull. 41 

Gemini.The Twins. 23 

Cancer .The Crab . 23 

Leo ...The Liou.^ * 

Coma Beicniees.Berenice’s Hair J " ^ 

^ “’go.The Virgin.*32 


Ptolemy. Flamsteed. 


Libra, Chela* . 


17 

M 

Scorpios . 



44 

Sagittarius . 


31 

69 

Capricornus. 


2G • 

51 

Aquarius . 


45 

108 

Pisces . 


38 

113 

Cetus. 

.The Whale. 

22* 

97 

Orion . 


38 

78 

Eridanus, Fluvius 

-Ei idanus, the River .... 

34 

84 

Lcpus . 


12 

• 19 

Canis major. 


29 

31 

Canis minor. 


2 

14 

Argo Navis . 

.The Ship. 

45 

64 

Hydra . 


27 

60 

Crater . 

.The Cup. 

7 

31 ; 

Coivus . 


7 

9 

Centaurus. 


37 

35 

Lupus . 

.The Wolf. 

19 

24 

Ara . 


7 

9 

Corona Australis . 

.The Soutfiein Crowu .. 

13 

12 

Pisces Austialis . 


18 

24 

The veto Southern Constellations. 


Flamsteed. 

CoIiiinh;i Konrlii 



. 10 

Kobur Caiolinuin. 

L 3 


1° * 

• 1 
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The new Southern Constellations. 

Grits...The Crane. 

Phoenix .The Phoenix.... .... 

Indus.^.The Indian. 

Pavo.The Peacock. 

Apu«, Avis Indica .The Bird of Paiadise 

Apis, Musca ..The Bee or Fly. 

Chanueh'on.The Cameleon. 

Tiiangulum A list i ale . .The South Ti iangle . 

Piscis volans Passer _The Flying Fish. 

Dorado, Xtphias ......The Swoid Fish. 

Toacan.The Ameiican Goose 

I hydros ..*.The Water Snake ... 


FlamsUcd 
. 1.5 

. IS 
. 12 
. 14 

. 11 
. 4 

. 10 
. 5 

8 

. 0 
9 

. 10 


HeveUus% Constellations made out of the unformed Stais. 

Herdius. Flamsteed. 


Lynx . 

Leo minor. 

. .The Lynx . 

. .The Little Lion. 

19 

14 

53 

Asterion and Cliara.. 

. .The Greyhound. 

C3 

25 

Ceiberus. 

. .Cerberus. 

4 


Vulpecula and Anser 

. .The Fox and Goose .... 

97 

■> * 

> ) 

Scutum Sobieski .... 

. .Sobieskfs Shield . 

7 


Lucerta. 

. .The Lizard. 

10 

lo 

CamelopardahiP .... 

. .The Camelopard . 

39 

:>8 

M onoceros .. 

. .The Unicorn . 

19 

31 

Sextans . 

. .The Sextant . 

11 

n 
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LETTER XXV. 

Solar Sjstcm—Pythagorean System of the World—Ptolemaic and 
Tychonic Theories—Copeinican System—Primary Planers— 
Secondary Planets—Description of an Ellipse—Centrifugal and 
Centripetal forces—Distances of the Planets—Table of the Solar 
System. < 

The sun, my young friend, is to other worlds what 
one of the fixed stars is to us; they agreef in the pro¬ 
perties of constantly emitting light and of perpetually 
retaining their relative situations, at least with but little 
variation, with respect to the other fixed stars, and it is 
highly probable that they have many other properties in 
common. The sun then may be regarded as a fixed star, 
comparatively near to us, and the slats are to be con¬ 
sidered as suns to other systems of worlds perpetually 
revolving about them, as we shall no\g shew that the 
earth and other planets are turning about the sun. 

To us, the sun is the most conspicuous of all thft 
celestial bodies; at which you will not be surprizetf, 
when you consider how much is dependant upon, him. 
On his attractive power the earth and planets de pend for 
that circular kind of motiow, which carries them round 
him in their several years or periodical revolutions: on 
him they depend for the blessings of light and heat, 
which are distributed in greater or less proportions, 
according to their relative distances from that body. 
While, however, vve reflect on the advantages derived 
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from the power and attractive influence of the sun, we 
must not forget that infinite po7ver which created the sun; 
that zvisdom which adjusted ail the proportions so accu¬ 
rately as to enable this great luminary to retain the 
planets m their orbits: and that goodness which no 
doubt in other planets, and other worlds has adapted 
the quantities of light and heat to the wants of their 
inhabitants. 

You know', because it is a species of know ledge w hich 
we obtain at an early period of our existence, that the 
“ Solar System” consists of the sun and several planets, 
together with their moons and comets. Various opi¬ 
nions have been adopted by philosophers, with respect 
to the motion of the sun and planets. The uninformed 
of all countries and all ages, trouble themselves but little 
about the rppeaiances of nature what they see, or think 
they see, they give credit to; and hence they infer, that 
the earth is an immoveable extended plane, round which 
the sun and stars perforin a i evolution every twenty-four 
hours. Such, probably, was the general opinion in the 
early ages of the world; nor can we trace the beginnings 
of science so completely, as to know when other and 

t, 

more rational doctrines were taught. It is, however, 
believed upon pretty good evidence, that Pythagoras, 
who flourished five centuries before the Christian aera, 
was acquainted with the true system of the world; but 
whether he was the author of the system, or an improver 
only upon other men’s discoveries, cannot be ascertained, 
lie contended that the planets revolved about the sun as 
a common centre; he taught that the moon reflected the 
rays of the sun, in other words, that the moon shone by 
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:t borrowed light; lie contended that the stars were 
worlds, and that the moon was inhabited like the earth, 
and that the comets were a kind of wartdering stars, 
disappearing in the farthest parts of their orbits, and 
becoming visible as they approached the sun. The white 
colour of the milky-way he ascribed to the brightness of 
a great multitude of small stars; he supposed the distances 
of the moon and planets from the sun, were in certain 
harmonic proportions to one another, corresponding to 
the musical intervals or divisions of the mQnochord. 

How the truths, promulgated at this period of the 
world, weie again lost and forgotten cannot well be 
conceived; the fact is, however, certain; so that, in the 
tune of Ptolemy, who flourished in the first and second 
centuries of the Christian sera, and who was a most able 
astronomer, there was not a trace of the Pythagorean 
system left. This philosopher, guided by the sensible 
appearances of the heavenly bodies, without regard to 
their absolute or relative motion, considered the earth as 
stationary, fixed in the centre of the system, and that the 
sun and planets were subordinate, and revolved round 
the earth in 24 hours. This, from its founder, was 
called the “ Ptolemaic system.” 

Another celebrated system was that invented by Tycho 
Brahe, a learned Dane; this supposed the earth as the 
centre of the universe, ai}d the sun constantly going 
lound it; but the other planets weie considered as re¬ 
volving about the sun. In an improvement of the 
Tychonic system, a diurnal motion was given to the 
caith about its axis, to account for day and night, instead 
of forcing the sun and stars to turn round the earth in ‘Jf4 
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hours. Those who held this doctrine were called Semi- 
Tycbonics. 

To Copernicus, who was born at Thom, in Prussia, 
in the year 1472, we are indebted for the restoration of 
the Pythagorean, or true system of the woild. This 
philosopher was prior, in point of time, to Tycho Brahe, 
and it is wondeiful that a man of such talent and philo¬ 
sophical penetration should have abandoned the theory 
of Copernicus^ to establish one of his own, so full of 
difficulties, and so little accordant with existing phe¬ 
nomena. 

According to the Copernican system, which, in truth, 
was but a revival of the Pythagorean theory, and which 
lias since ueen denominated the Newtonian system of the 
world, on account of the various and highly important 
discoveries^made by Sir Isaac Newton, in confirmation 
of the principles adopted by his predecessors, the sun is 
supposed at rest in the centre, and the earth, and other 
planets, to move about him in ellipses. Hence the sun 
and stars are supposed to be at rest, and the diurnal 
motion which they appear to have from east to west, is 
occasioned by the earth’s rotation from west to east. 
The sun, according to this theory, is very near the centre 
of gravity of the whole system, and is the focus of all the 
planetary orbits. 

In the plate which accompanies this (plate 1, Astro¬ 
nomy) you will have a view of the system of the world, 
according to the Copernican theory, and as it is esta¬ 
blished at present beyond the possibility of being over¬ 
turned, because every part of it is now founded on 
mathematical demonstration, which cannot err. 
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You know that the planets are distinguished from the 
fixed stars, by their steady light. Planetary bodies are 
of three kinds, called primary, secondary, ayd comets. 

There are seven primal y planets, beside four very 
small bodies of the same kind, which have been dis¬ 
covered duting the present century, s, in our plate repre¬ 
sents the sun, a large body, about a million of times 
larger than the earth, but the space of a plate is much 
too diminutive to exhibit either the proportional magni¬ 
tudes of the sun and planets, or the proportional distances 
of the planets from the sun. The planet Mercury ^ ^ is 
that which is nearest the sun; then comes Venus £ , that 
brilliant planet which was formerly denominated Lucifer 
or Hesperus, according as it was a morning or a»i evening 
star; for the ancients had no doubt that these were two 
distinct stars, till Pythagoras, by exact observation, found 
that it was the same planet in different positions. Next 
to Venus is the cai tli 0, with her moon revolving about 
her; then comes Mars after which we have the 
orbits of the four newly discovered, and, to the unassisted 
eye, invisible planetary bodies, viz. Juii3, Pallas, Ceres, 
and Vesta, marked in the plate J, p, c, and v; beyond 
these revolves Jupiter % 9 with his four moons; llieij* 
comes Saturn h , with seveu moons; and far beyond him 
is the Herschel planet, with his six moons. • 

You will observe that Venus and Mercury are called 
inferior planets, because their oibits are included within 
that of the earth; the others are denominated superior 
planets, as their orbits include that of the earth. 

The secondary planets, which arc denominated satellites 
or moons, arc attendants on the primary planets, and 
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revolve about them while they move round the sun. 
Comets are bodies which likewise revolve about the sun 
in very eccentric elliptical orbits, such as are described 
in the plate c, c. 

Although the orbits of the planets are drawn as circles 
in the plate referred to, yet the true orbits, or the paths 
in which they move about the sun, are not circles but 
ellipses, such as is represented in figure 1, Plate n. 
Here acbd represents the orbit of a planet; s5 are 
the two foci, th«t is, the two points from which the 
ellipse* would be drawn, and s is supposed to be the 
place of the sun. a b is called the transverse axis, and 
c d the conjugate axis of the ellipse: but as an astro¬ 
nomical <erm, a b is called the line of the Apsides, and 
when the sun is at s, and the planet at A, its greatest 
distance from it, the planet is said to be in aphelion, or 
higher apsis; when it is at b, the other extremity, or 
nearest the sun, it is then in perihelion, or low’er apsis. 
The mean distance of a planet from the sun at s, is 
when the planet is at c or d, that is, at either extremity 
of the conjugate diameter; and this mean distance is 
equal to half the sum of its greatest and least distance 

• * An ellipse is a transverse section of a cone formed by a plane 
cutting both sides of the cone; but the section must not be paiallcl 
to the base, because the section of a cone parallel to its base is 
always a circle, and is greater or less according at. it is more or less 
distant from the apex. To doc.ibe an ellipse in an easy manner, 
let two pins, nails, &c. be stuck into a table, and a tinead be tied 
loosely round them; then let a pencil be In Id within the thread, 
kept pretty tight, and moved round the puts, which will describe the 
ellipse. The points where the pius suck aie the loci; and according 
as those poiuts are nearer to or farther iiom the centie, the ellipse 
Will have more or less eccentricity; for when they coincide in x the 
curve is a circle. 
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from the focus in which the sun is placed, that is, the 

line c szi AS ^“ SB zr 

2 2 

Two planets are said to be in conjunction when they 
are in the same point of the heavens, or answer to the 
same degree of the ecliptic; suppose Jupiter and Venus 
to be in the 10th degree of Sagittal ius, they aie said to 
be in conjunction; and when two planets are in opposite 
points in the heavens, they are said to be in opposition; 
if Jupiter be in the 10th degree of Ariel, and Saturn in 
the 10th degree of Libra, they will be in opposition. 

13efoie I conclude this letter, let me impress your 

f * 

mind with the natuie of the powers which cause the 
planets to keep in their course. These are called the 
centrif ugal and centripetal forces. 

A centrifugal force is that by which a body, revolving 
round a centre, or round another body, endeavours to 
iccede from it. 

A centripetal force is that by which a moving body is 
perpetually urged towards a centre, and made to revolve 
in a curve. 

It is, as you have seen, page 32, an established law of 
nature, that all motion is of itself rectilinear, and a mov¬ 
ing body never recedes Irom its first right line, till some 
new impulse be superadded in a different direction ; 
after this new impulse the motion will be rectilinear, 
though the direction of the lifie will be altered: plate 2, 
fig. 1. To move in a curve line, a body must receive 
a new impulse, in a different direction, every instant of 
time; now to apply this to the motion of the planets: 
suppose the earth at a, it has, by the centrifugal force, 
impressed oil it by the Deity, a tendency to fly oft' in 
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the right line A Z, but the centripetal force, occasioned 
by the attraction of the sun constantly acting upon it, 
draws the e^rth towards itself: and, therefore, as there 
are two contending forces, one in the direction a z, the 
other in the direction A s, the planet must describe a 
line between the two; and as the attractive force of the 
sun is perpetually acting upon it, the planet will describe 
a curve a c b d, for the same reasoning will apply when 
the planet is situated in any other part of the ellipse, as 
at zo, &c. 

The effects of a centrifugal force may be familiarly 
illustrated by whirling a stone at the end of a string. A 
hoop driven by a boy, and a bowl urged along a plane, 
are likewise instances of tbe centrifugal force. 

The general law for ascertaining the distances and ve¬ 
locities of the planets is this : “ the squares of the times 
of the revolution are proportional to the cubes of the 
distances. If the distances of two planets from the sun 
be know'll, and also the time which one of them takes in 
going round the sun, the time that the other lequires is 
easily found; * 

Example. By the table, p. 235, the distances of the 

. planets Saturn aud Herschel are 900 and J 800, that 
is, 1 to 2, and the periodical revolution of Saturn is 
knoUn to be about 60 years, therefore to find the pe¬ 
riod of the Herschel, I say, as l 3 : 2 3 : : 30- 
to a fourth proportional, or 1 : S : : 900: 7200, 
but the square root of 7200 is equal to 85, or the num¬ 
ber of years that the Herschel takes in circulating about 
the sun. 

• The same law is established with respect to the secon¬ 
dary planets, or moons, revolving about their primaries. 
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LETTER XXVI. 

The Sun and its Motions—Dr. Heiscliel’s Theories—Proportional 
Distances of the Planets—of Mercury—Of Venus. 

The sun is pjaced nearly in the centre of our system, 
and revolves on its own axis from west to east in about 
of o*;. days. Like many other of the fixed stars, of 
which the sun is unquestionably one, it has, probably, a 
progressive motion, at this time, directed towards the 
constellation Hercules. The direction of the axis of 
the sun is to a point about half way between the Pole- 
star and Lyra. The time and direction of the sun’s ro¬ 
tation is ascertained by the change of the situation of 
the spots, which are usually visible, with a good glass, 
on his diisr; these spots were formerly supposed to be 
elevations or mountains on his surface, but which more 
modern astronomers think to be excavations in the lu¬ 
minous matter covering the sun’s surface. These spots 
*are frequently observed to appear and disappear. La- 
lande thinks, that they are parts of the solid body of the 
sun, which, by some agitation of the luminous ocean, 
are left entirely bare. But Dr. Herscbel attributes the 
spots to the emission of an zeriform fluid, not yet in 
combustion, which displaces the luminous atmosphere, 
and which is afterwards to serve as fuel for supporting 
the process; hence lie supposes the appearance of many 
spots to be indicative of the approach of warm seasons 
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on the surface of the earth. Many of Dr. Herschel’s 
speculations are curious and important; some of which, 
taken from the Philosophical Transactions^ I will give 
you in an abridged form, because they not only appear 
rational, but have a tendency to raise the mind to the 
most noble contemplations of the works of the Creator. 

u Sir Isaac Newton has shewn that the sun, by its 
attractive power, retains the planets belonging to our 
system in their orbits; he has likewise pointed out the 
method whereby the quantity of matter contained in the 
sun may be accurately determined. Dr. Brlftlley has 
assigned the velocity of the solar light with a degree of 
precision exceeding our utmost expectation. Galileo 
and others have ascertained the rotation of the sun upon 
its axis, and determined the position of its equator. By 
means of the transit of Venus over the disc of the sun, 
our mathematicians have calculated its distance from the 
earth ;—its real diameter and magnitude ;—the density 
of the matter of which it is composedand the laws of 
the fall of heavy bodies on its surface. m 

u It is by analogical reasoning that we consider the 
moon as inhabited. For it is a secondary planet of con¬ 
siderable size, its surface is diversified, like that of the 
earth, with hills and valleys. Its situation, with respect 
to the sun, is much like that of the earth ; and, by a ro¬ 
tation on its axis, it enjoys ap agreeable variety of sea¬ 
sons, and of day and night. To the moon, our globe 
would appear a capital satellite, undergoing the same 
changes of illumination as the moon does to the earth. 
The sun, planets, and the starry constellations of the 
heavens, will rise and set there as they do here: and 
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heavy bodies will fall on the moon as they do on the 
earth. There seems then only to be wanting, in order 
to complete ihe analogy, that it should be inhabited like 
the earth. 

“ It may be objected, that, in the moon, there are 
no large seas, and its atmosphere (the existence of 
which is doubted by many) is extremely rare, and unlit 
for the purposes of animal lifethat its climates, its 
seasons, and 'the length of its days and nights, totally 
differ from ours ;—that without dense clouds, which the 
moon Ia.s not, there can be no rain, perhaps no rivers 
and lakes. ” 

“ In answer to this, it may be observed, that the 
very difference between the two planets strengthens the 
argument. We find, even on our own globe, that there 
is a moil striking dissimilarity in the situation of the 
creatures that live upon it. While man walks on the 
ground, the biids fly in the air, and the fishes swim in 
the water. We cannot surely object to the conveniences 
afforded by the moon, if those that are to inhabit its 
regions are fitted to their conditions as well as we on 
ibis globe of ours. The analogy already mentioned es- 
* tablishes a high probability that the moon is inhabited. 

<t i Suppose, then, an inhabitant of the moon, who 
has not properly considered such analogical reasonings 
as might induce him to surmise that our earth is inha¬ 
bited, were to give it as his opinion, that the use of that 
great body, which be sees in his neighbourhood, is to 
carry about his little globe, in order that it may be pro¬ 
perly exposed to the light of the sun, so as to enjoy an 
agreeable and useful variety of illumination, as well as 
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lo give it light by reflection, when direct light cannot be 
bad; should we not condemn his ignorance and want of 
attention ? The earth, it is true, performs those offices 
which have been named for the inhabitants of the moon, 
but we know that it also affords magnificent dwelling* 
places to numberless intelligent beings. 

“ From experience, therefore, we affirm, that the 
performance of the most salutary offices to inferior pla¬ 
nets, is not inconsistent with the dignity of superior 
purposes; and, in consequence of such analogical rea¬ 
sonings, assisted by telescopic views, which plaimyfavour 
the same opinion, we do not hesitate to addTit, that the 
sun is richly stored with inhabitants. m 

“ This way of considering the sun is of the utmost 
importance in its consequences. That stars are suns 
can hardly admit of a doubt. Their iinmens# distance 
would effectually exclude them from our view, if their 
light were not of the solar kind. Besides, the qnalogy 
may be traced much farther: the sun turns on its axis; 
so does the star Algol; so do the stars ^called £ Lyras, 
5 Cephei, „ Antinoi, 0 Ceti, and many more, most pro¬ 
bably all. Now from what other cause can we, with so 

t 

much probability, account for their periodical changes ? 
Again, our sun’s spots are changeable ; so are the .spots 
on the star 0 Ceti. But if stars are suns, and suns are 
habitable, we see at once What an extensive field for 
animation opens to our view. 

“ It is true, that analogy may induce us to conclude, 
that since stars appear to be suns, and suns, according 
to the common opinion, are bodies that serve to enlighten, 
warm, and sustain a system of planets, we may have an 
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idea of numberless globes that serve for the habitation 
of living creatures. But if these suns themselves are 
primary planets, we may see some thousands of them 
with the naked eye, and millions with the help of te¬ 
lescopes ; and, at the same time, the same analogical 
reasoning still remains in full force with regard to the 
planets w liich these suns may support.” See Phil. Trans. 
1796. 

The sun is •accompanied in his progressive motion 
among the/:xed stars by eleven planetary bodies, winch 
have Steady been enumerated, revolving around him 
from west to east in elliptical orbits, approaching nearly 
to circles, and visible to us by the means of the light 
which they receive from him. The real distances of the 
planets have been given in table, p. 235, and to enable 
you readily to call to your recollection the proportional 
distances of the primary planets from the sun, you may 
call the distance of the earth from that body 10, aud 
that of Saturn 100: then the distance of Mercury will 
be 4, of Venur 7, of the Earth 10, of Mars 1G, of Ju¬ 
piter 52, of Saturn 100, and of the Herschel 196. 

The motions of all the planetary bodies, except the 
four small ones lately discovered, are comprehended in 
a zone of the celestial sphere called the zodiac, the 
breadth of which is 18°, and it is divided into two equal 
parts by the ecliptic. We*shall now proceed to these 
planets. 

Mercury, which is nearest the sun, and whose diame¬ 
ter is but about one-third as large as that of the earth, 
performs his revolutions in less than three months, and 
at the distance of 37 millions of miles from the sun. 
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He is rarely seen by the inhabitants of the earth, and 
then only for a short time. He appears in the evening 
a little after sun-set, and again in the mSrning a short 
time before sun-rise. He is never so much as 28 de¬ 
grees distant from the sun, and cannot be seen at any 
one time either before or after the sun, more than about 
an hour and three quarters. For suppose e a b, fig. 2, 
the earth’s orbit, m x z the orbit of Mercury, and s the 
sun : if the earth be at e and Mercury fft m, it cannot 
be seen because of the rays of the sun. As approaches 
x it becomes visible, and for a short time it wti>»appear 
as stationary at x , it will then be visible till*it comes so 
near n as to be hidden by the sun’s rays; as, # however, 
it approaches z it becomes again visible, and at z it ap¬ 
pears stationary. In looking at any of the planets, we re¬ 
fer them to the fixed stars, c z p, and it is Evident to 
you that Mercury, though he makes his circuit in the orbit 
x n z m f will never be seen farther from the place^ of the 
sun z among the fixed stars than o or p, T that is, about 
28 degrees from z. « 

You will also observe, that while Mercury is moving 
through one part of his orbit as from x, through m to z ,, 
it will appear to move in the direction o z p, but when 
he comes to the other part of his orbit and moves ^long 
% m x, he will appear to move among the fixed stars in 
a contrary order, as in the direction p z o : this is what 
is meant by the planet’s retrograde motion. You will 
now know that whgj; is proved of the motions of Mer¬ 
cury is applicable to those of the other planets, and that 
to au inhabitant on the earth, they may and will appear 
sometimes stationary, sometimes moving according to the 
order of the signs, and sometimes in a contrary direction. 

M 
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You will likewise see the reason why Mercury and 
Venus can never appear in that side of the heavens which 
is opposite to the sun, and why they are never seen far 
from the sun. 

The motion of Mercury, thus explained, has been 
compared to the oscillations of a pendulum swinging 
backwards and forwards from o to p, and from p to o ; 
and it is found, that though the time of a complete os¬ 
cillation varies, .yet it is never less than 100 days, and 
never more J,han 130, and this variation depends on the 
motion^w-i the earth combined with the motion of Mer¬ 
cury, to wh : ch we have not referred. 

You will easily conceive,, that a considerable time 
must have elapsed before observers of the heavens could 
ascertain that the stars which were seen approaching the 
sun in the evening, |ind, after a certain interval, were 
again visible in the morning, were one and the same. 
The suspicion was probably first excited from the cir¬ 
cumstance, of the one never being seen at the same time 
with the other. 

The apparent diameters of Mercury and all the planets 
vary according to their position with respect to the earth : 
as they are nearer to or farther from the earth, they ap¬ 
pear to us larger or smaller. When the planet Mer¬ 
cury passes from x through n to z, fig. 2, or when its 
motion is direct, it appeals the smallest, because it is 
farthest from the earth : when its motion is retrograde, 
or when it moves along z m x f it being nearest to the 
earth, at m it will appear largest, and is the largest pos¬ 
sible when it plunges in, or emerges from the sun’s rays 
*in this part of its orbit. 

Sqpietimes, wheu Mercury disappears during his re- 
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trograde motion, that is, when it plunges into the sun’s 
rays in passing through z m x f it may be seen crossing 
the sun under the form of a black spot. r fhis is what is 
called a “ transit of Mercury” over the sun. The tran¬ 
sits of Mercury and Venus are really eclipses of the 
sun, which demonstrate, that the planets are opake bo¬ 
dies, and that they borrow their light from the sun.— 
Both Mercury and Venus, viewed through a good te¬ 
lescope, exhibit the same phases of.horned, gibbous, 
£cc, as the moon. The light and heat enjCyed by Mer- 
airy is seven or eight times greater than what w<? enjoy, 
and the velocity of his motion is about l(f5,000 miles 
in •»» hour. , 

v enus, the planet next in order, is the most beautiful 
star in the heavens, and is commonly known by the 
name of the morning and eveml^ star. She presents 
the same phenomena to us as those described of Mer¬ 
cury ; but her phases are more sensible, and her pscilia- 
tious are of longer duration. Since her greatest distance 
from the sun varies from 45 to 48 degrees, the mean 
duration of her oscillations is about 584 days. By the 
transits of this planet in the years 1761 and 1769, the a 
distance of the sun from the earth was accurately ascer¬ 
tained. The variations in the apparent magnitude of 
Venus are considerable: it seems largest when it passes 
over the sun, being then the*nearest to the earth. She 
cigoys about twice as much light and heat from the sun 
as the earth ; and she travels in her orbit at the rate of 
75,000 miles in an hour. 


m 2 
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Of the Earth—Of the Moon—The Earth a Globe—Diurnal Motion 
of the Earth—Annual Motion of the Earth—Of the Seasons. 

f 

The my dear sir, is the next to Venus; its 

diameter is reckoned about 7>Q 11 miles, its distance from 
the sun is estimated at 95 millions of miles. In passing 
through : ts orbit, it travels at the rate of 68,000 miles 
in an hour, and takes 365 days, 5 hours, 48 minutes, 48 
seconds, to make its annual circuit. The earth turns on 
its axis in about 23 hArs 56 minutes, which produces, 
as you well know, the apparent diurnal motion of the 
heaverly bodies from east to west in the same lime. 
This diurnal motion of the earth causes likewise what 
we call the rising and setting of the sun, and the length 
of the days and nights ; for in the morning, that part of 
\ the earth on which we live, turns into the light of the 
sun, and we see it rising, as it were, in the opposite part 
of the heavens: the farther we move into the light, the 
more the sun appears to move to us; and in the even¬ 
ing* hy our turning from the sun, or sinking below its 
rays, we conceive the sun to have sunk from our sight. 

The axis of the earth is inclined to the plane of its 
orbit in an angle of about 23 i degrees, and always pa¬ 
rallel to itself; that is, the axis as it points to-day, will 
be parallel to the position it will have a month, or three, 
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or six months hence, which is the cause of the sun en¬ 
lightening at one period of the year more of the northern 
parts of the globe, and at another more of, the southern 
parts: in other words, the inclination of the axis of the 
earth is the cause of the various seasons of spring, sum¬ 
mer, autumn, and winter. 

The moon is an attendant on the earth, revolving 
about it in an elliptical orbit, in one of the foci of which 
the earth is placed : but as the eartlFrevolves about the 
sun at the same time that the moon revolving about 

the earth, they may both be considered as K.rping about 

*' ^ 

their common centre of gravity; that is, an imaginary 
point, which is as much nearer the earth than the moon, 
as the mass of the earth exceeds that of the ntoon. 

The moon makes its revolution in its orbit (ound the 
earth in 27 days 8 hours nearly; moving with a velocity 
of more than 2,200 miles in an hour. But while the 
moon has been going round the earth, the earth has 
moved in its orbit nearly a whole sign, and therefore the 
time between one new or full moon to another, or when 
the earth, sun, and moon, will be in on! straight line, is 
29 days 12 hours nearly. The diameter of the moon is 
about 2,180, and its mean distance from the earth is* 
240,OCX) miles. It is very remarkable, that the time 
which the moon takes to turn on its axis is precisely 
equal to the time it takes in making its revolution about 
the earth : so that its day and night are equal to our 
lunar month. Another singular circumstance is, that the 
hemisphere of the moon opposite to the earth is never 
in darkness; for when it is turned from the sun, it is 
illuminated by light reflected from the earth in the same 
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manner as we are enlightened by a full moon. But the 
opposite hemisphere of the moon has a fortnight’s light 
and darkness by turns, and an inhabitant of that part of 
the moon would never behold the brilliant light afforded 
by the earth to his antipodes, unless he travels a thousand 
or two miles for the sight. 

Having given you a general account of the earth and 
moon, I shall come to some particulars which hitherto 
1 may have seemed to take for granted, but which arc 
easily proved. For instance, we have assumed that the 
earth is 3 -Jund body, which is obvious from the follow¬ 
ing circumstances: ( 1 .) When a ship leaves the shore 
and goes to sea, a spectator on land first lpses sight of 
the hull, then of the mast, gradually from the bottom to 
the top :*and when a ship approaches land, the top-mast 
is first visible, and the hull last. See fig. 3. These 
appearances could not occur if the sea were a plane ; 
because, then every part of the vessel would appear or 
disappear at the same instant, or rather the hull or body 
of the ship being so much larger than the mast, would 
be seen longer than the mast, which is contrary to ap¬ 
pearances. ( 2 .) Several of our own countrymen, as Sir 
Francis Drake, Lord Anson, and Captain Cook, and 
many others, have actually sailed round the earth, always 
keeping in the same direction, and yet returning to the 
ports from which they set out. (3.) The moon is fre¬ 
quently eclipsed by the shadow of the earth, and in all 
eclipses, the shadow is circular, which is another proof 
that the earth is a globe, which in all situations projects 
a conical shadow'. ( 4 .) In travelling towards the north, 
th% southern stars are depressed, and the northern stars 
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elevated : and the sun arrives on the meridian of places 
that are more easterly sooner than to the meridian of 
those that are more westerly: that is, it is twelve o’clock 
at noon, or night, sooner at Rome than tt London, and 
sooner at London than at Lisbon. (5.y The same glo¬ 
bular figure is inferred from the operation of levelling, 
or of conveying water in canals, &c. from one place to 
another, in which it is found necessary to make an allow¬ 
ance for the difference between the apparent and the 
real level, or for the figure of the earth. 

The real or true level is not a straight "lin^, but a 
curve which falls below the straight lin^ or tangent 
made from any point, about 8 inches in a mile; four 
times eight, or 32 inches in two miles; nine times eight, 
or 72 inches in three miles; and sixteeff times eight, or 
128 inches in four miles, and so on, always increasing as 
the squares of the distances. 

After all, it must be observed, that from actual mea¬ 
surement, it is found that the earth is not a* perfect 
globe, but a spheroid, the diameter, of the equator 
being about 34 miles longer than that between the 
poles. 

Having established the fact that the earth is of a glo¬ 
bular form, you will readily believe, that, as the earth 
must turn on its axis in 24 hours, or .the sun ahd stars 
turn round the earth in tbe«same time, it is more natural 
that the motion should be in the earth than the con* 
trary. It will be no argument against it that you can¬ 
not perceive the motion: because the motion of a ship 
in a smooth sea is not observed by the passenger, who 
would infer, from his sight only, that external objects 
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were moving from him, rather than that the ship was 

M 

moving from them. A similar deception is observable 
in travelling swiftly along a narrow road in a chaise, &c.: 
or to a person titling in a windmill while that is turned 
rapidly round. 

Besides, it is known from observing spots on the sur¬ 
faces of the sun and planets, that they have a motion 
about their axis, and the earth being a planet, may from 
analogy be supposed to partake of the same kind of mo¬ 
tion. Admitting then the revolution of the earth about 
its axis front’ west to east, and the phenomenon of the 
heavens appearing to turn from east to west is accounted 
for. As the earth is an opake spherical body at a great 
distance from the sun, one half of it will always be illumi¬ 
nated, w hile the other half remains in darkness. The cir¬ 
cle which distinguishes the illuminated from the dark side 
of the earth, and which is the boundary between light 
and darkness, has been called the terminator: and a line 
drawn from the centre of the sun to the centre of the 
earth, is perpendicular to the plaue of this circle. Sup¬ 
pose s the sun, (fig. 4.) and d n e s the earth, placed 
in an inclining position, x d represents the terminator, 
and as the earth turns on its axis, n s part of the dark 
side is perpetually coming into the light, and part of 
that which is light is getting into darkness, and when any 
point in the globe comes ipto the enlightened hemi¬ 
sphere, the sun is just risen to that part; when it gets half 
way, or to its greatest distance from the terminator, it 
is then noon; and when it leaves the enlightened hemi¬ 
sphere it is sunset; and from that time till the sun is 18 
degrees beyond the terminator, it is twilight. 
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The same figure to which I have already referred, 
represents the annual motion of the earth about the sun; 
but you will perhaps ask for proof of thd fact that the 
earth does revolve about the sun in a year. In the shaft 
of a very deep mine, the stars are visible in the day as 
well as in the night: they may also be seen by means of 
a telescope fitted up for the purpose. By this method 
the sun and stars are visible at the same time. Now if 
the sun be seen in a line with a fixed st^rj on any parti¬ 
cular day, it will in a few weeks be found to the east of 
him, and by constant observations made at cestoin in¬ 
tervals, we shall be able to trace him roundathe heavens 
to the same fixed star from which we set out, conse¬ 
quently the sun must have made a journey round the 
earth in that time, or the earth round the sun. But the 
sun being a million times larger than the earth, it is 
surely more natural that the earth should have the mo¬ 
tion than the sun. Besides, as they must move round a 
common centre of gravity, the quantities of motion in 
both bodies must be equal, and the |arth being the 
smaller body, must make up by its motion what it wants 
in the quantity of matter. 

Again, if the sun be regarded as the centre of the* 
planetary system, the bodies all move about it agreeable 
to the universal laws of gravity, and the motion of the 
earth round the sun aGcords with the law of all other 
moving bodies, viz. “ that the squares of the periodical 
times are as the cubes of the distances.” The knows 
facts cannot be accounted for upon any other principle; 
nor can the motions of Mercury and Venus already des¬ 
cribed be understood oh any other theory. 

m 3 



It may further be observed, that the inhabitants of 
other planets will consider the existing phenomena as we 
do: they, if they are ignorant of astronomy, will sup¬ 
pose the sun to move round them in their several years, 
a3 the uninformed here suppose he revolves about die 
earth in 363 days. Thus an inhabitant of Mars would 
say the sun goes round him in two years: of Jupiter in 
twelve years : of Saturn in 30 years, and so on. Now, 
as it is impossible that the sun can have all these motions 
' really in itself, it may be asserted that none of them are 
real, But that all are apparent only, and arise from the 
motions of c ihe respective planets. 

• You inay now turn again to fig. 4, which is intended 
not only to exhibit the annual motion of the earth, but 
to give you an idea in what manner the seasons are pro¬ 
duced. Iflie sun enlightens half the earth, however it is 
situated. I have drawn you four different positions of 
the cafth, from which you may understand how all the 
changes .are produced. In June, the north pole is in 
the light, and it is summer to the northern parts of the 
earth; in December, the south pole is in the light, and 
w it is summer to the southern parts of the globe, and 
winter to the northern regions. In March and Septem¬ 
ber the sun’s light reaches to the north and south poles, 
because a line drawn from the centre of the sun to that 
of the earth, will pass through the equator, or through 
that line which divides the earth into two equal parts; 
whereas in June such a line would pass higher than the 
equator q f as through b , and in September it would pass 
below' it as at e: in the former case the sun, to enlighten 
half the globe, must shine much beyond the pole n, and 
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not so far as s: and in December the sun will shine 
much beyond the pole s, and not so far as n. 

Hence you see the reason of long dflys in summer 
and short ones in winter: for if London or Great Bri¬ 
tain be situated at /, it is evident that in June almost all 
the circle on which it stands, is in the light, and in De¬ 
cember almost the whole will be in darkness, and in 
proportion as the circle on which any place is situated is 
in light or darkness, the length of th^ day to that place 
is longer or shorter. Thus, in June the days are 16 
hours long in London, and the night only eighty and in 
December the days are eight hours long Mid the nights 
sixteen. While the earth is moving from Libra, through 
Capricorn to Aries, that is, from March to September; 
the north pole n being continually in the light, will have 
six months day: but while the earth is travelling from 
Aries through Cancer to Libra, the north pole will be 
in darkness and the south in the light. When the earth 
is in Aries, or Cancer, we see the sun in the*opposite 
points of the heavens, or in Libra and^Capricorn. 

You will observe, that the sun is not placed in the 
centre, but is supposed to be fn the focus of the ellipse^ 
the consequence of which is, that the summer seasdh, 
or the time in which the earth is travelling from Libra 
to Aries, is about eight days longer than tile winter sea¬ 
son, or the time in whiob it is passing from Aries to 
Libra. You may perhaps inquire why fhen our winters 
are so much colder than our summers. The answer is 

Y 

plain; though we are two or three millions of miles 
nearer the sun in December than in June, yet the wea¬ 
ther is hotter in summer than in winter, because the sun 
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rises so much higher above our horizon in the summer, 
and therefore its rays fall more perpendicularly on the 
earth, that is,' with more force; and again, because the 
days are so much longer in the summer than in the win¬ 
ter ; by which means the earth and air are heated by the 
sun in the day, more than they are cooled in the night; 
on this account, therefore, the heat will, keep increasing 
in the summer, and for the same reason will decrease in 
winter when the nights are long. The earth being 
nearer the sun in winter than in summer, causes the dia¬ 
meter of the^sun to appear larger in the winter than it is 
in the summer. 



Of the Moon—Phases of the Moon—Eclipses of the Moon—* 
Eclipses of the Sun—Number of Eclipses in a Year—Of the 
Tides. 

The Moon is a satellite to the Earth, and revolves 
about it while the Earth is making her journey round 
the Sun. The Moon's apparent place, viewed by a 
spectator on the Earth, is extended to a *great circle 
among the fixed stars, and it appears to move through 
the twelve signs of the Zodiac in a month; that is, in 
27 da)s, 7 hours, 43 minutes; this is called a periodical 
month. The plane of the Moon's orbit int&sects the 
plane of the ecliptic in two points, making an angle 
with it of about five degrees. The two points where 
the Moon's orbit cuts the ecliptic, are called the nodes; 
when the Moon crosses the ecliptic, 4 is in its nodes, 
but in all other parts of its orbit, it is above or below 
the ecliptic; and according as it is north or south, it is 
said to have north or south latiti^. 

A synodical month is the time elapsed between one 
new Moon and the next, which is equal to 29 days, 12 
hours, 44 minutes. If the Earth were stationary, the 
periodical and synodical months would be the same; 
but as the Earth moves forward in its orbit, while the 
Moon is performing its revolution, it has not only to. 
pass through its own orbit, but likewise to overtake the 
Earth again in its passage through the ecliptic: in the 



254 


ASTRONOMY. 


same manner as if the two hands of a watch set out to¬ 
gether at twelve o’clock, the qiinute hand must not only 
make an entire circle, but part of a second before it 
overtimes the hour hand. 

tJk Moon is an opaque body, and shines by a light 
borrowed from the sun, which illuminates one half of 
its body, and leaves the other in darkness. An inhabi¬ 
tant of the Earth perceives different degrees of this 
illumination, according to the various positions of the 
Moon with respect to the Sun and Earth, as is evident 
from the figure which accompanies this. If K (fig. 5.) 
be the Earth, and A, B, c, D, &c. the Moon’s orbit, 
then the figures beyond will represent the appearance 
which the Moon shews to a spectator here, in its several 
positions. When the Moon is at a, between the Earth 
and Sun, its dark side will be towards the Earth, and it 
will be invisible, as it is represented at a , and as it really 
is at change or new-inoon. When the Moon is at n, 
the small part a x z, will be seen at k, and its appearance 
to a spectator there will be such as the light part of b 
shews. In the position c, the light part ax z is seen at 
the Earth, under the appearance of the light part in c : 
at D, still more of the^luminated side is turned to the 
Eartl\, and at e, the whole enlightened half of the Moon 
is turned to the Earth, and it appears full-moon, as at e . 
Hence, you see how the Moon waxes and wanes: why 
't disappears, why it becomes horned, gibbous, &c. 

The Earth serves to enlighten the Moon, in the same 
wanner as the Moon enlightens the inhabitants of the 
Earth; but it appears to the Moon about 13 times 
arger than the Moon appears to us, and the changes 
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take place in a contrary order; that is, when the Moon 
appears full to us, the Earth must be in conjunction 
with the Sun, and disappear to the Moon* Soon after 

f 

the n«*v-moon, the whole body is dimly seen, inde¬ 
pendently of the illuminated crescent, which proceeds 
from the light that is reflected on it from the Earth: for 
at our new-moen, the Earth appears as a full-moon to 
the lunarians,^md part of the light which they receive 
from us, is reflected back again to theyBarth. 

An eclipse of the Moon is a privation of light caused 
by the interposition of the Earth between the Sun and 
Moon which intercepts the Sun’s rays, Snd prevents 
them from illuminating the surface: you know that 
every opaque body presented to the light, whether of 
the Sun, or a candle, projects a shadow behind it. The 
shadow projected by the Earth is always <fonicaI, and 
when the Moon passes through this shadow, its light is 
eclipsed. The shadow being conical, it is largest at the 
base, and runs off to a point; now according to the 
position of the Earth and Moon, the letter will he some¬ 
times nearer and sometimes farther from the former, 
and in proportion to its nearness it will have a wider 
space of shadow to pass through; in other words, the 
nearer the Moon is to the Earth during an eclipse, the 
longer the eclipse will last. 

The Earth’s orbit is in fhe plane of the ecliptic, when 
viewed from the Sun, consequently its shadow' tends di¬ 
rectly to that part of the heavens; and as the Moon’s 
orbit has an inclination of about five degrees with the 
ecliptic, and only crosses it in two points, called its 
nodes, the shadow of the Earth cannot fall upon the 
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Moon, except it is in or near one oF its nodes, when 
the Moon is full, or when'it is in opposition. See fig. 
6 and 7: in fig. 7, you have a representation of the 
manner in which an eclipse of the Moon oc<?br$. s is 
supposed to represent the Sun, m n the Earth, and m the 
Moon in its orbit o b just entering, or coming out from 
the shadow; and you observe how tfie Moon m is 
situated at the time of an eclipse: the Earth is between 
it and the illuminating body, the Sun, and so it is every 
full-moon; but in some cases the Moon passes above, 
and income below', the shadow of the Earth, and in 
either of theee situations there will be no eclipse. This 
is easily proved. 

Let a line a j> represent a part of the ecliptic, the 
plane of which coincides w'ith that of the Earth’s orbit, 
and the Jififc c b, part of the orbit of the Moon, cross¬ 
ing the ecliptic at H; and the point h, where they cross, 
is called the node. Now, if e, f, g, ii, represent sec¬ 
tions of' the Earth’s shadow in different positions of its 
orbit, when the $loon i, approaches its node h, and the 
shadow of the Earth is at e, there will be no eclipse; 
but if the Earth’s shadow be represented at f, g, h, 
then the Moon in its passage to jj, will just touch the 
shadow f, it will be totally eclipsed at g, and it will be 
totally and centrally eclipsed at h. When the Moon is 
full, it sometimes happens that the Earth’s shadow is too 
low or too high for the Moon * to enter in it, as at E ; 
sometimes it is found as at f, or g, or fi, and on this 
depends the nature of the eclipse, or whether there will 
be an eclipse at all. 

The duration of an eclipse depends, as 1 told you* 
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before, on the length of the shadow it has to pass 
through, and the duration of a central eclipse, or the 
time that ^he Moon takes from entering the shadow at M, 
till its egress at m , is about four hours, during two of 
which the moon passes through three times the length of 
its diameter totally eclipsed. 

In speaking of eclipses, we suppose the Moon’s 
diameter to be divided into 12 equal parts, called digits; 
and the magnitude and duration of a partial eclipse are 
denominated by the number of these* digits which are 
obscured: thus, if a half, or a third, or a fourth of the 
Moon be obscured, we call it an eclipse of 6, or or 3 
digits. 

The Earth, like all other opaque globular bodies which 
receive the Sun’s rays, not only throws a dark, converg¬ 
ing or conical shadow behind it, but has likewise a thin 
diverging shadow' on each of its sides, as a m b, and 
A N c, called the penumbra, or almost shadow, which is 
occasioned by a partial obscuration of light from the 
Sun. 

If s be the Sun, and m n the Earth rtceiving its rays 
on its surface, there will be a dark shadow man, which 
cannot receive any of the direct light from the Sun, and, 
a penumbra, or thinner shadow, will fall on each side, 
more or less dark, according as it is nearer to or further 
from M a and N c. It is evident that the Moon passes 
through the penumbra before it enters the dark shadow, 
and having* passed the shadow, it traverses the opposite 
penumbra before it resumes its usual brightness. 

Lunar eclipses are visible over every part of the Earth 
that has the Moon above the horizon, and the eclipse 
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appears of the same length and magnitude to all who 
see it. The eastern side of the Moon enters the western 
side of the shadow, and passes out at the eastern. You 
see by the figure, that central eclipses must be the 
longest; but these are not always of the same length ; 
because the Moon is sometimes in apogee, or the far¬ 
thest from the Earth; sometimes in perigee, or the 
nearest to the Earth: sometimes the Earth’s distance 
from the Sun is greater or less, and as it is in aphelion or 
perihelion ; that 5s, the farthest from, or nearest to the 
Sun, the duration and quantity of the eclipse will vary. 
The greatest variation is, however, no more than about 
20 minutes, the longest central eclipse being 3 hours, 57 
minutes,'and the shortest 3 hours, 37 minutes. 

The Moon, in an eclipse, has usually a faint copperish 
appearance, which is attributed to the refraction of the 
rays of light by the Earth’s atmosphere, and which are 
sent from that to the surface of the Moon. 

Eclipses, as you know, depend on the Moon’s nodes; 
now these nodes have a retrograde motion with regard 
to the signs, an5 this motion is equal to about 19* 3 in a 
year; so that in IB years, 225 days, the nodes pass 
through the 12 signs, and come into the same position 
again; and this space of time is the period of succession 
before the same eclipses fall in the same part of the 
ecliptic. # 

I will now lead you to the consideration of eclipses 
of the Sun. What is called an eclipse of the Sun, is 
caused by the interposition of the Moon between the 
Sun and the Earth, of which fig. 8 is a representation. 
Here s is supposed to be the Sun, l the Earth, and m 
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the Moon, in that part of the orbit which is between 
the Earth and Sun. Now the dark part, zsut, is the 
conical shadow projected by the Moon, and this, as the 
Moon passes by the Earth, will overshadow different 
parts of the Earth’s surface in succession; on each side 
of the conical shadow is a penumbra; namely, in the 
spaces j;ts, and zu$, because in these spaces there is a 
partial privation of the rays of the Sun. 

As the Moon is so much less than tfye •Earth, it can, 
as is shewn in the figure, only cover 5 small part of it 
by its shadow; therefore to those parts which are out of 
the shadow, there will be no eclipse, for them the 
Sun will appear as usual. The Moon’s shadow rarely 
exceeds 180 miles in diameter, though the penumbra 
extends much farther both ways. The course of the 
Moon’s shadow on the Earth is generally fro*n west to 
east, inclining to the north, if it be in the ascending 
node, and inclining towards the south, if it be in the 
descending node. 

The whole time that the shadow and^ penumbra take 
to pass any given point, is called the eclipse; but the 
total eclipse is only whilst the darkest part passes the 
place. If the Moon be in its apogee, or greatest dis-’ 
tance from the Earth, its shadow is not sufficiently long 
to reach the Earth, and the Sun appears like a luminous 
ring round the dark body <*f the Moon: this is called 
an annular eclipse. 

Professor Vince observes, that the ecliptic limits of 
the Sun, to those of the Moon, being nearly as S to 2, 
there will be more solar than lunar eclipses in about the 
same ratio. But more lunar than solar eclipses will bfc 
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seen at any given place; because a lunar eclipse is visible 
to a whole hemisphere of the Earth at once; whereas a 
solar eclipse-is visible to a part only, and therefore there 
is a greater probability of seeing a lunar than a solar 
eclipse. Since the Moon is as long above the horizon 
as below, every spectator may expect to see half the 
number of lunar eclipses which happen. 

An eclipse of the Moon, arising from a real depriva¬ 
tion of light, must appear to begin at the same instant of 
time to every phice on that hemisphere of the Earth 
which is next the Moon. Hence it affords a ready 
method of finding the longitudes of places upon the 
Earth’s surface: for, if to a person at Greenwich, the 
eclipse begins at 10 o’clock, and at other places it is 
observed to begin at 9 o’clock, or at eleven, then those 
places will be 15 degrees west and east longitude of 
London. 

The greatest number of eclipses which can happen in 
a yealHs seven; and when this occurs, five will be of 
the Sun, and two of the Moon. The least number w ill 
be two; and in this case, they will be both solar: for, 
in every year there must be two solar eclipses. The 
'tnean number iri a year is about four. In total eclipses 
of the Sun, the planets and some stars of the first mag¬ 
nitude have been seen. 

There are two seasons in the year when eclipses hap¬ 
pen: that is, when the Earth approaches near each’ 
node; and as the nodes lie at opposite points of the 
Earth’s orbit, these seasons would be at the distance of 
half a year from each other, if the nodes were stationary : 
hut, as the nodes have a retrograde motion of about 19 
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degrees in a year, and as the Earth moves about one 
degree in a day, the seasons of eclipses will return at an 
interval of about 9 or 10 days less than half a year: so 
that if there be eclipses in the middle of April, they 
may be expected again early in October. Thus, in 
1809, there was an eclipse of the Sun, April 14, and 
one of the Moon, on the 29th ; there were also eclipses 
of the Sun and Moon on the 9th and 23rd of October. 
In 1-808, there were five eclipses; one of the Moon, 
May 10th, one of the Sun, May 25th; one of the 
Moon, October 19 th, and one of the Sun, November 
3rd ; and one also of the Sun, November lftth. 

Before we leave the astronomy of the Earth, it may 
be proper to observe, that the tides in rivers, as those in 
the Thames, and in the sea, are produced chiefly by the 
attraction of the Moon on the waters, though the at* 
traction of the Sun has some influence on the occasion. 

If you look into Moore’s Almanac, or into the Ephe- 
meris, you will see that the time of high water is cal¬ 
culated for every day in the year; an)} it is calculated 
upon the knowledge of the Moon’s and Sun’s attrac¬ 
tions. At an average, the time of high water varies 
about three-quarters of an hour on each day: thus, it is* 
high water to-day, the 18th of March, 1821, at 58 
minutes past one, and to-morrow it will be 31 minutes 
past two before it is high *water. Sometimes the dif¬ 
ference of time is not above half an hour, and' at other 
times it is an hour and a quarter. 

You know there is an attraction between all bodies, 
of course between the Earth and Moon; and when the 
Moon passes over the sea, it raises the waters, and 
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causes high tides, not only in that part under the Moon, 
but in the opposite side of the Earth also. 

It is easy'to perceive how the attraction of the Moon 
should occasion a rise of the sea on the side which is 
turned towards her; but it is not so easy to comprehend 
how this could take place on the opposite side of the 
Earth. 

To understand this, you must recollect, that from the 
universal law of gravitation, every particle of the Earth 
and Moon are drawn towards each other, and that in the 
inverse proportion of the squares of their distances. 

Let abed ej'g h (fig. 1, misc. pi. ii.) represent the 

Earth, and let the Moon be supposed to be situated in 

the direction m m m. Now the points a i e being at 

nearly the same distance from the Moon, will, gravitate 

alike towards her, in the directions am, im , em. Let 

a cl, i l, e e f represent the degree of force with which 

they are drawn towards the Moon; but the particles 

b and d being uearer to the Moon than a, i, and e, will 

gravitate more than them towards her, as by the spaces 

b b', d d f , and the particle c, which is still nearer, will be 
■# 

yet more affected by her influence, and consequently 
"removed to the greater distance cc r : hence it is evident, 
that the semicircular arc, a b c d e, will become more 
and more curved as we approach towards c, where it 
will be most protuberant.-*-In like manner, the parti¬ 
cles f and h, in the opposite hemisphere, being less 
drawn from their situations than a i, or e, are moved 
over the spaces ff r , and h K less than a a', i and e e‘, 
and the particle g, the most remote, is moved by the 
feast quantity gg', and hence the same effect is produced 
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in tliis as in the other hemisphere—an increase of curva¬ 
ture as we approach towards g. By this means, the 
Earth will assume an elliptical form, having the trans¬ 
verse axis in the direction of the attracting force; and 
thus it is that in^very lunar day we have two high tides; 
the one on the Moon passing our meridian, and the 
other on her passing the meridian of our antipodes. 

The attraction of the Sun, as well as that of the 
Mocfli, occasions a variation of tide, but pot in so gre£<4 
a degree: this arises from the Sun beiTig at such an im¬ 
mense distance from us, that the gravitation of the parti¬ 
cles abed e towards him, differ less in proportion from 
each other than the gravitation of those points towards 
the Moon. * 

The effect of the Sun, however, upon*the tides is 
very sensible, as may be seen by what are called spring 
and neap tides; the former are those w'hich take place 
about the full and new Moon, (which are much the 
highest, in consequence of the Sun and Moofi then 
acting together), the latter are when the Moon is in 
quadrature, and are much the lowest, which is occa¬ 
sioned by the Sun and Moon at those times acting in a 
manner so as to counteract each other. 
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Of Mare—Of Pallas, Juno, Ceres, and Vesta—Of Jupiter—Of 
Saturn—Of the Hersckel—Method of measuring the length of a 
Degree, and finding the Distances of the Earth and Planets from 
the Sun—Method of finding the Longitude. 

I shall, my young friend, conclude what I have to 
say on astronomy in this letter ; beginning with the pla¬ 
net Mars, which is next in order to the Earth, and the 
first of the superior planets. This planet is of a dull 
reddish colour, and sometimes appears as large as the 
planet Vfenus. He is not subject to the same limitation 
in his apparent motions as Mercury and Venus, but 
sometimes appears to be near the Sun, and sometimes in 
the opposite part of the heavens, that is, rising when the 
Sun sets, and setting when the Sun rises. 

Mars, and the other superior planets, appear to move 
from west to east round the Earth; but their motions 
are sometimes direct, sometimes retrograde, hnd some* 
times they appear for several days to be stationary in 
one part of the heavens. Mars is stationary when he is 
about 137 degrees from the Sun; then his motion be¬ 
comes retrograde, till he comes again withiu 137 degrees 
of the Sun, when his motion is direct, and continues so 
for about 73 days ; it now approaches the Sun, and at 
length is lost in the evening in its rays. 

Let abc, fig. 9> represent the orbit of the Earth, 
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f g h the orbit of Mars, and l m the sphere of the 
fixed stars: now when the Earth is at x f and Mars at n , 
t|ic planet is said to be in opposition to th% sun; but if, 
while Mars is at w, the Earth is at s, it is said to be in 
conjunction. The Earth moves faster than Mars; while 
the Earth moves from to x, Mars will move from 0 to 
n ; and while the Earth moves from x to v, Mars will 
have travelled from n to m. It is clear that while the 
Earth is moving from zo to T t Mars, which has actually 
moved from o to m t will appear to have had, among the 
fixed stars, a retrograde motion from a to c. H$nce, a 
superior planet, for the same must be tru» of Jupiter, 
Saturn, &c., is retrograde while it is travelling in oppo¬ 
sition. But if the Earth be at 2 , and the planet at n, 
then, while the Earth moves to u t p, &c., the planet 
Mars moves to m , q t See., and appear! to •move in a 
direct order. As, then, a superior planet appears to 
move sometimes direct, and sometimes retrograde, it 
must appear stationary at the two points where the 
motion changes from onf to the other. m 

When the planet is in'Opposition at n , it will be full- 
faced ; so it will to a spectator at z; but if k be the 
position of the planet, then a spectator 011 the Eartli 
will have a small portion of the dark part turned to him, 
and it will not be full orbed to the Earth, but appear 
gibbous, like the moon a little before or after it is full. 
But if the planet be at a very great distance from the 
Sun, compared with the Earth’s distance, there will be 
so little of the dark part turned towards the Earth, that 
it will, as to sense, appear full orbed. This is the case 
with Jupiter, Saturn, and the Herschel, which between 
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conjunction and opposition are observed to appear full 
orbed on account of their great distances. 

There is a great analogy between Mars and the Earth,; 
their diurnal motion is nearly the same; they have nearly 
the same inclinations to the ecliptic, and therefore their 
seasons are not much different. Dr. Herschel has no 
doubt, that it has a considerable atmosphere, and that 
the bright spots, visible in its polar regions, arise from 
the reflection .of„ the fight from the mountain!: cosered 
with ice and snow. The figure of Mars is that of an 
oblate spheroid, whose equatoiial diameter is to the po¬ 
lar one as 1(? to 15 nearly. 

In the interval between Mars and Jupiter, four smaller 
bodies have been discovered revolving in mbits consi¬ 
derably inclined to the ecliptic. Dr. Herschel denomi¬ 
nates then* asteroids, and they have been named by the 
astronomers who made the discovery, Ceres, Pallas, 
Juno, and Vesta : the first was discovered by M. Piazzi, 
the second and fourth by Dr. Olbers, and the third by 
M. Harding. 

Jupiter is the largest of all the planets, his diameter 
is eleven times as great as that of the Earth, and, as bo- 
*‘dies are to one another as the cubes of their diameters, 
Jupiter is 1331 times larger than the Earth; but the 
force of gravitation at his surface is only tuple the ter¬ 
restrial gravitation. The figure of Jupiter is evidently 
an oblate spheroid, the longest diameter being to the 
shortest as 13 to 12. His rotation is from west to east, 
and the plane of his equator is nearly coincident with 
that of bis orbit; so there will be scarcely any difference 
<jf seasons in that planet. He revolves round the sun in 
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about 12 years, at a little more than 5 times the Earth’s 

* 

distance from the sun, of course he enjoys ft5 times Jess 
light and heat than what the inhabitants of the Earth ex¬ 
perience. llis rotation is performed in less than ten 
hours. With a good telescope, ceitain appearances 
may be observed on the surface of Jupiter, called bells, 
which are variable in number and position; sometimes 

only one is visible, sometimes seven or eight have been 

> / » • 

sc£iMd once. • 

Jnpitei has four moons constantly accompanying him; 
all of them, on account of their great distance, seeVn to 
keep neat then piimar), and their apparenf motion is a 
kind of oscillation like that of a pendulum, goi*ig alter¬ 
nate!) fiom their gicutest distance on one side, to the 
gicalcst distance on the ollici. When a satellite is in its 
siipcnoi semicircle, or that half of its oibit winch is 
nioie distant fiom the Raid) than Jupiter is, its motion 
appeals to us diicct, or according to the order *>f the 
signs; but in inlet i -r scmiciicle, that is, when it is 
neatei to us than Jupiter, its motion apjJL’ars retrograde. 
The salcU'lcs of Jnpitei must frequently be eclipsed, 
and from these eclipses the longitude of unknown places, 
is diicoveicd ; foi the times of the eclipses are calcu¬ 
lated foi the meiidian of the Ro)al Observatory at 
Greenwich, and put down in the Nautical Almanack, 
which is always published sotne vears beforehand, and, 
therdoie, the times of their happening at other places 
may be compared, and the difference of time turned 
into degrees and minutes, gives the longitude from Gieen- 
wich. 

M 2 
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Example. By the table I find that, on the 2d of 
September, of the present year (1810), there is an 
eclipse of Jupiter’s first satellite at 2 hours, 13 minuter, 
28 seconds; but if on board a ship, or at any unknov n 
place, I find it to happeu 4 hours, 1 minute, 48 seconds, 
I know the difference of time is 1 hour, 48 minutes, 
20 seconds, which, converted into degrees, will give 
27 degrees, 5 minutes east lougitude from Greenwich ; 
for each hour of'time is equal to 15 degrees ; Of course, 
1 hour, 48 minutes, is equal to 27 degrees; and 20 se¬ 
cond? of time is equal to 5 minutes calculated on the 
equator. 1 

The diameter of Saturn is ten times as great as that 
of the Earth ; consequently its bulk is a thousand times 
the bulk of the Earth; but on account of the smaller 
density of its substance, the force of gravity at his sur¬ 
face is but little more than it is at the surface of the 
Earth ; in other words, the substance that weighs a 
pound or a ton here, would not weigh much more at 
Saturn, but on the surface of Jupiter it would weigh 
three pounds or three tons. Saturn revolves in his 
orbit in less than 30 years, and his rotation on his axis 
takes but little more than 10 hours. He is accompa¬ 
nied by seven satellites, two of which were discovered 
by Dr. Herschel. The most remarkable circumstance 
attending this planet is the-appearance of a double ring 
about him, suspended over his equator, and revolving 
with a rapidity almost as great as that of the planet. 
The light reflected from the ring is generally brighter 
than that of the planet; for the ring appears sufficiently 
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bright when the telescope affords scarcely light enough 
to Observe Saturn. The dimensions of the rings and 


races are as follow : * 

i Miles. 

Inner diameter of the smaller ring.146,345 

Outside diameter of do ...184,393 

Inner dian/eter of the larger ring.190,348 

Outside diameter of do.304,883 

Oread tk of the inner ring. 19,474 

^ ^reasmi of the outer ring. . -. 7,260 


''-Breadth of the vacant space, or dark zofie. 2,937 

The Herschel, so called from its discoverer, revolves 
in 8S| of our years, at a distance from the* sun equal to 
19 times that of the Earth. Its diameter is more than 
4 times that of the Earth, yet it can rarely be disco¬ 
vered by the naked eye. 

It appears from the foregoing observation^, that Mer¬ 
cury, Venus, and Mars, are opaque bodies, because they 
do not always shine with full faces, that part towards the 
Earth, which is not towards the sun, being dark. Jupiter 
and Saturn cast shadows and eclipse thfir satellites, and 
therefore, must be opaque bodies, and hence it is in¬ 
ferred, that the Herschel is also an opaque body, though, 
hitherto it has not been in a situation to eclipse its sa¬ 
tellites. 

a 

Comets are solid bodies revolving in verv eccentric 
ellipses about the sun in one of the foci, and are subject 
to the same laws as the planets, but they differ from 
them in appearance. They exhibit but a faint light, 
and generally as they approach the sun a tail begins to 
appear, which increases till the comet comes to its peri¬ 
helion, then it decreases and vanishes. 
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Upwards of 500 comets have been observed at dif¬ 
ferent times, and the elements of the orbits of more han 
100 have be^n correctly ascertained. 

By the elements of a comet’s orbit are meant, tjfe 
place of the perihelion, or nearest approach to the sun, 
the time of its passage through the perihelion and peri¬ 
helion distance, place of the node and inclination of the 
mbit to that of the earth. 

^ % 

By comparing the elements of comets together, sa verul 

. *■ it . ' '•> s 

have been identified, and their periodic revo!-.^,. * 
thereby determined. This was the case with the comet 
of l(j82, the return of which was predicted by Dr. 
Edmund Halley, from the remarkable coincidence of its 
elements 4 with those of 1531 and 1607. This predic¬ 
tion was completely verified by the re-appearance of the 
comet in , 1759 , seventeen years after the Doctor’s death, 
tltough in rather an unfavourable position to he seen from 
our earth. The same comet will appear again in the 
ypar JG34, its period being 75* years. 

The most remarkable comet that ever appeared is the 
one observed in 1(380. In its perihelion it approached 
so near to the sun as to be less than one-sixth of his 
-diameter from him. It is supposed by Sir Isaac New¬ 
ton to have a period of 575 years, and tobe the same as 
is recorded to have been seen in the years 1106 and 
531 of the Christian aera, and 44 before Christ. 

The comet of 1810 and 1811 was a very splendid 
and beautiful orbit. The French astronomers have cal¬ 
culated its orbit, and suppose it to have a peiiod of 
24«60 years ; but by others it is thought to be the same 
gs that which appeared in 1300 and 1301, which would 
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make its period only 510 years. The plane of this 
romet’s orbit is nearly perpendicular to that of the 
^a/th. 

i 

, But the cornet which has perplexed astronomers more 
ih\m an\ other, is that which was seen in 1770. It is 
supposed to have a period of not more than seven years 
and a half, though it never has been seen since. 

The calculation of the orbit of a comet has always 
becijtfro» e fdercd as one of the most difficult problems in 
Tb is aiises partly fiom our not being able 
to Dace them through any considerable part of their or¬ 
bits, and partly from their being such ill-defined objects 
av to render it almost impossible to determine with ac- 
cuiacy their apparent places in the heavens. * 

You still, perhaps, wonder how the magnitude of the 
earth, and the distances of the sun and planets from it, 
are ascertained. The subject does not admit of a very 
easy explanation, hut yet, I trust, I can say enough to 
satisfy youi mind, that the thing is possible, though you 
have not acquired a sufficient knowledge to perform the 
task voursclf. I will begin with the 'measure of the 
earth. 

Let a n c i>, fig. 2, of miscellaneous plate ii. repre** 
sent the earth, a a star in the zenith of an inhabitant at 
A, and d a star one degree to the northward or south¬ 
ward of a ; then, if an observer proceed from a towards 
n, until he get the star d in his zenith, or, what is the 
same thing, until he get a one degree to the south or 
north of his zenith, lie will have moved over one degree 
of latitude oo the earth. Let this point be d, and let 
him measure the distance of a from b, which he will 
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find to be of an English mile; but if 

of a mile, 360°, or the whole circumference of the ea'*th, 

will be equal /o 24,912 miles. 

The distances of the sun, moon, or planets, from th»c 
earth are found by means of what is called their parallax. 
By parallax is meant the apparent change ojf situation in 
any object, arising from a change of plac«* in the ob¬ 
server. Thus, for instance, suppose I were to see a 
star from my parlour window, just over the t^p of^ the 
building which is c/pposite to me;—if 1 go up ii»tc 
drawing-room, I shall see the same star some distance 
above it. Now this can only arise from an apparent change 
of place either of the star or of the building; that it is 
not in theapparent situation of the star is evident, be¬ 
cause we know from experience, that no change of place 
on our glof>e, however great, can produce any sensible 
change in their places, so prodigiously distant are they 
from us; it must arise, therefore, from an apparent 
changeplace in the building, and this change is called 
parallax. 

Now, in place of a fixed star and a building, let us 
suppose a fixed star and the moon, the case will be 
‘just the same, with this difference only, that the moon 
being much more distant, it will require a proportion- 
ably greater change of place in order to render her pa- 
railax sensible to the spectator. 

Let ir b e a s represent half of our globe, then will 
z be the zenith of a spectator under die line at e, and 
let a and b be two places, one 30° to the northward, and 
the other SO* to the southward of E, then will a star at 
z appear to a spectator at a 30® north of his zenith, and 
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to ft spectator at b the same star would appear SO* south 
0 / the zenith, and this would also be the^case with the 
moon, were she at the same immense distance; but it is 
round from observation, that when the moon is in tbe 
zenith of a kpectator at e, she appears 30£° from the 
zeniths of t?ie spectators at a and b , and consequently, 
that there m a parallax, or apparent change, in her situ- 
atio j in roing from a to b t but the distance between a 
r ’ b being one-sixth part of the earJhYcircumference, 
is equal to her semi-diameter, and therefore a change of 
situation equal to the earth’s semi-diameter causes a pa¬ 
rallax of 1°. • 

From a and b draw two lines, one making an angle 
of 30£ with a z f , and the other a like angle with blf', 
these lines will evidently meet at m, the place of the 
moon, and the distance of m from e will be found to be 
about 60 times ab, or in other words the moon is 60 
semi-diameters, or 240,000 miles from us. 

The distances of the sun and planets are found in the 
same way, but being much greater Shan that of the 
moon, their parallax will of course* be much less. 

This being a very important problem in astronomy, I 
will now shew you. how the same result may be obtained 
from one station only. , 

Let b a o be half the earth, s the sun, and m the 
moon, the arc, e k l, is that which represents one 
fourth part of the moon's path, c & $ is the rational 
horizon to an observer at A, but his sensible horizon is 
a c ; a l c is the angle under which the earth's semi¬ 
diameter a c, is seen from the moon l, which is equal, 
by a theorem in geometry, to the angle LAO; A S c is 

N 3 
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the angle under which the earth’s semi-diameter is seeq at 
the sun, and is equal to o a f. Now, it is found .'y 
observation, that the angle o a l, or its equal A l c, if. 
much greater than the angle o A.J\ or its equal A s c, 
which proves that the earth’s diameter a e, as seen 
from the moon, appears much larger than t does when 
seen from the sun s, consequently the earth much far¬ 
ther from the sun than from the moon. 

The quantity of the angle o A L is found by cjm*vr- 
tion in the following manner: By means of the quad¬ 
rant, a d d, we find the exact time that the moon takes 
in passing from the meridian e to the sensible horizon 
o, which will appear as a quarter of a circle, but it will 
be less than a quaitei of a circle by the arc o l, and o l 
is the measuie of the angle o a l, equal to the angle 
a l C, which subtends the semi-diumetei of the earth. 

Now it is known that the moon revolves completely 
about the earth in 24 hours 48 minutes ; of course it 
taked G horns, 12 minutes in passing fiom e to l ; 
theiefwre the time taken to pass from E to o, subtracted 
from G hours 12 minutes, gives the time taken to pass 
through the arc o l, which, turned into degrees and 
minutes, gives the arc o L, or the measure of the angle 
o a l, or A L c, the moon’s hoiizontal parallax; then, 
to find a L, the distance of the moon from the earth, 
we say, by a rule in trigonometry, as the size of the angle 
A lc is to ac (or the semi-diameter of the earth, which 
is known by other means) so is the sine of the right angle 
A C L, or 90 degrees, to its opposite side a l ; this 
out to be about 240,000 miles from the earth. 

* There are other methods in use which are more ac- 



OF THE PLANETS. 


275 


curate, but this will suffice to show you that the thing 
in/y be done. To find the length of A s, or the distance 
of the earth from the sun, is much more # difficult, be¬ 
cause it is almost impossible, by any common method, 
to find the qyautity of the angle A s c. This, however, 
is discoverable by the transits of Venus, of which there 
was one in 1 761, and another in 17f>9> and by these it 
was deter nined that the horizontal parallax, or the angle 
a p c. is equal to 8-';’ seconds, whichjpvfes the distance 
a c, about 95,000,000 miles. 

The distance of the eaith from the sun being found, 
the distances of all the other planets are Easily found; 
because the times of their periodical revolutions are 
known by observation ; but the times are to one another 
as the cubes of their distances from the sun: thus, if t 
be the periodical time of the earth in its orlfit, and that 
ot any other planet we say as 

T~ : t 2 : : 95,000,000|3 : D<— the cube of^the dis¬ 
tance of that planet. Here the three first terms being 
known, the other is found by the rule*)f three, and the 
cube root being extracted, we gtt the distance of the 
planet from the sun. 

The distances of the heavenly bodies being determined, 
their magnitudes may be calculated from their apparent 
diameters ; and thus it is that astronomers are enabled 
to describe the real orbits* and tbe actual magnitudes of 
the sun, moon, and planets from their parallaxes, and 
apparent motions and diameters. 

Having made you acquainted with the theory of 
astronomy, I will now endeavour to explain to you some 
of its practical details, and show you how it enables the 
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mariner to steei 1 hfe vessel through the trackless octin, 
with a degree of precision that is trirfy astonishing. Yd” 
are sufficiently acquainted with geography to know that 
the situations of places are marked on the earth by 
means of (heir latitudes and longitudes. The elevation 
of die visible pole above the horizon is always equal to 
the latitude of the place, and the elevation of the equator 
td the complement of latitude. 

The first thing a seaman has to do, is to ascertain 
latitude; this is found by taking the altitude of the sun 
Ut boon, or of a star at night, Whilst passing the meri¬ 
dian. The %un or star's declination being known, the 
latitude may be found from it by calculation. 

The neat thing is to find the time at the plate of ob¬ 
servation, and this is done by taking an altitude of the 
sun or of a star, two or three hours before or after pas¬ 
sing the meridian. 

For if the latitude of the place be found from obser¬ 
vation, and the declination of the sun or star from the 
Nautical Almanac, it is easy to compute what should be 
their altitude at a certain hour, and v v, from their alti¬ 
tude to compute the time. 

The time thus formed is compared with that shewn 
by a chronometer carefully set and regulated, so as to 
shew the time at Greenwich, and from the difference of 
these times the longitude is deduced. 

But however accurate this method may be, it is evi¬ 
dently too precarious to be depended upon, as any ac¬ 
cident to die chronometer, or forgetfulness in Winding 
it up, would leave the mariner at a loss how to discover 
his longitude. 
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The lunar method, as it is called, is therefore very 
justly preferred as equally accurate, and only requiring a 
watch which can be depended upon to shew time cor¬ 
rectly for the space of a few hours. 

The accurate Calculation of the longitude by this me¬ 
thod is rather intricate, but the principle upon which it 
depends is very simple, and easily understood. 

The apparent motion of the moon among the fixed 
stars in 24 hours is upon an average equal to about 12°. 
In the Nautical Almanac is set down her distance from 
some of the most remarkable fixed stars, for every three 
hours of each day at Greenwich; this being the case, it 
is evident, that by measuring her distance from one of 
those stars, a seaman can at any time know what o’clock 
it is at Greenwich, and thi$, compared with his own time 
found as before explained)^ gives him the difference of 
longitude. The intricacy of the calculation arises solely 
from the moon’s parallax and refraction, which are dif¬ 
ferent in different places. 

The instrument used at sea for taking altitudes, or the 
moon’s distance from the sun r «jr'from a star, is'Called a 
Hadley’s Sextant, from its inventor. The great excel¬ 
lence of this instrument, and what particularly recoin^ 
mends it to mariners, is, that it does not require the 
same degree of steadiness of support as other instru¬ 
ments : it is also extremely portable, very accurate, and 
easily adjusted. 
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LETTER XXX. 

Of the Electric Fluid—Electrical Machine described. 

The ear‘h and all bodies with which we are ac¬ 
quainted, are supposed to contain a ceitain quantity of 
an exceedingly elastic fluid, which is called the electric 
fluid, and which passes through them with more or less 
facility, according to their d ffeieut powers of conduct¬ 
ing it. This certain quantity belonging to all bodies 
may be called their natural quantity, and so Jong as it is 
undisturbed in a bod}, it produces no effect \ but when 
any body, or part of a body, becomes possessed of more 
or less than its natural ol -re, it is said to be electrified, 
and is capable of exhibiting those appearances which are 
»ascribed to the power of electricity. The equilibrium 
would never be disturbed, or if disturbed, would be im¬ 
mediately restored, but that some bodies, as glass, wax, 
&c. do not admit the passage of the electric fluid through 
their pores or along ihtir surfaces, though others do. 

The effects of the electric fluid aie distinguished from 
those of all other substances by an attractive and repul¬ 
sive quality, which it communicates to different bodies, 
and which differ, in general, from other attractions at\d 
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lepulsions, by their immediate cessation, when the bodies 
acting on each other come into contact, or when they 
are touched by other bodies. 

It is by excitation that the electric fluid becomes per¬ 
ceptible to tfie senses, which will be fully explained by 
the following expeiiments. 

Ex pi: rim is \T i. Let a long glass tube be rubbed 
with the hand, or with flannel, and it will immediately 
attract light substances, and give a lytici spark to the 
Anger, or to any metallic or other conducting substance 
brought near it. 


The glass tube is called an electric; atftl all bodies 
capable of being excited, so as to produce electrical ef¬ 
fects, are called electrics. . 

As the exciting glass tunes was a laborious operation, 
and the quantity of eleetiic\y so obtained waggery small, 
globes and cylinders were invented and made to turn on 
their axes, and a rubber of leather so applied as to excite 
the parts of it in contact with the leather.' Fig. 1. re- 
pitsents an electrical machine: a is jjf ylinder of glass 
so Alted up in u frame as tcT revrtTv^by means^f^ the 
Randle n ; the rubber R, behind the machine, is 
ported by a glass stem t : the chain o a is intended 
conduct the electric fluid from the table, and fronyAe 
earth, by the table, to the rubber; c d is a me/allic 
conductor intended to collect the electric fluid from the 
cylinder a. TJbe stand m jn, whichj»upfftrr&rthe con¬ 
ductor c d is matte of glass prSfent the electric fluid 
from running out of the conductor on the table. 

Ex. ii. Turn the handle of the machine, and if it be 
ywell excited, you may, by bringing a knob of brass, or 
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your knuckle, &c. near the conductor at z, get a spark 
at several inches distance. This distance will vary ac¬ 
cording to the excitation of the machine. The electri¬ 
city which is accumulated on the prime conductor c z, 
is prevented from flowing away by being placed on the 
glass leg m M, which is a non-conductor of electricity. 
If it were placed on a moist wooden stand, instead of 
one of glass, there would not be the smallest accumula¬ 
tion ; for, as fast as it was thrown off from the cylinder 
on to the conductor, it would flow through the wooden 
stand into the table, and from thence to the earth. 

Ex. ill.'* If a person standing on the ground, place 
his hand, on the conductor, and the machine be worked 
in its highest state of excitrtion, still there will be no 
electrical appearances, because, however great the ac¬ 
cumulation of electricity or the conductor, it will flow 
through the hand and body to the earth in perfect 
silence. 

Ex. iv. But if the person stand on a stool supported 
with gjass Ws/.v bv a cake or cakes of rosin, sealing- 
wax/sulphur, Sic. his Body, being now insulated, th* 

j 9 * 

electricity cannot pass to the earth; and sparks may be 
taken from any part of him, as it was before from the 
pV : me conductor. 

Tly these experiments you perceive the difference be- 
tweei conductors, and electrics or non-conductors: all 
bodies iiidt * r *usmit electricity are called conductors, 
such is the human body, such are all metallic substances, 
and almost all fluids, excepting oil. Those substances 
that will not transmit the electric fluid are called elec¬ 
trics. or non-conductors. But all substances become 



ELECTRIC VIVID. 


281 


conductors either by heat or moisture. The principal 
method of exciting the electric fluid is friction, end elec¬ 
tricity is most powerfully excited, when anjelectric end 
conductor are rubbed against each other; in this case 
the electric fluid passes from the conductor: thus, if I 
rub with my hand a glass tube, or a stick of sealing-wax, 
the electric fluid passes from the hand to the glass or 
wax. Again, if you examine fig. I, the electrical ma* 
chine, the rubber is a conducting substance, and made 
more powerfully so, by spreading overet an amalgam of 
mercury and tin, the friction of this against the cylinder 
collects the fluid from the surrounding substances by 
means of the chain o a. That it proceeds from the 
surrounding bodies is evident from this circumstance, 
that if the rubber it be supported by a glass stem 1 O', 
and the chain taken off, tire electrical appearances will 
be trifling, only those whicb’can be given by the rubber; 
but if a person place his hand on the rubber while he 
stands ou the ground, then an abundant quantity wilt be 
supplied. The rubber is supplied by tjie quantity taken 
from the band and body of the,i?~'3$jfi*n.:^r4±with 
itji and these are supplied by the general mass the 
fluid that is lodged in the earth. ^ 

You are now- aware of the meaning of the term insv/ 
luted, which perpetually occurs in this science; whdf a 
conductor is surrounded or supported by noo-coijlie- 
tors, it k gftid to be insulated. Thus the rubber B^ vhen 
supported bylEtj ^lass stem o r y , kitoiwSted/ because 
there is no communication between it and the eartlr. 
The chain however, gives the communication, and elec* 
trinity is produced. 
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Electricity is said to be positive or negative accord¬ 
ing to the different effects produced. I suspend two 
pith balls op silken and parallel thieads, and bringing 
them near an excited glass tube, they will diverge, and 
remain at a distance from each other till the surrounding 
air carries off the superabundant electricity. If I bring 
near them another excited glass tube, they will diverge 
still farther; but if, instead of a glass tube, 1 make use 
of an excited stick of sealing-wax, or rosin, then the 
diverging balls wiU, by the influence of the wax 01 rosin, 
be instantly brought together. The glass by excitation is 
supposed to have more than its natural quantity, and is 
said to be positively electrified; but the wax, by the same 
process, its supposed to lose a part of its natural quantity, 
and to be minus, or negative^ electrified. These elec¬ 
tricities by some are though-® to be different in quality , 
rather than in quantity , add by them they aie called 
vitreous and resinous from the substances used. The 
former is usually denominated the theory of Dr. Frank¬ 
lin ; the latter theory was first espoused by Du Fay, and 


!*■ 


other vphM;i c ? p rs. 

rhe Franklinian system is usually regarded as tf e 
nost simple, and therefore I shall adopt it; and you 
ViH observe, that the two states of positive and negative 
electricity always accompany each other : for if any sub- 
sta&e acquire the one, the body with which it is rubbed 
acquires the other. When one side, or one fiid of a 
conducting sufttffe r *ce receives the elecl.it: fluid, the whole 
substance is instantly pervaded with it: thus, sparks may 
be taken in any part of the electrified conductor a z, fig. 
1; but when an electric is presented to an electrified 
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body, it becomes electrified in a small spot only. The 
positive and negative electricities cannot come together, 
but by means of a communication with conductors ; but 
the instant there is a communication between the two 
electricities, their electrical effects are destroyed, and the 
act of their union produces an electric spark, and if the 
union be made by different parts of the body, a sensa¬ 
tion will be felt more or ltss painful, according to its 
strength: this is called the electrical shock. 

Ex. v. In fig. 2, you have a representation of an 
electrical jar, culled a Leyden phial: it is a glass jar, 
open at one end; the cover at top is wood, piertfled to 
admit a brass wire and chain lying at the bottom ; the 
top of the wire is terminated with a brass kneb. The 
jar is lined inside and outside w ith tin-foil, to within two 
or three inches of the toplbecause the electric fluid will 
accumulate on the tin-foil, and easily flow from the 
inside to the outside, when a conducting substance is 
brought to touch the outside foil, at a, and the knob x, 
which communicates with the inside by^ means of a chain 
that rests upon the bottom of thr* ; *r • . . , 

The jar is electrified by briuging the knob X *"> the 
piime conductor, when the machine, fig. 1-is worked:, 
and it may be discharged by any conductiiw substance ; 
for if one hand touch the outside of the jar, and^ the 
other be brought to the knob x t the electric fluid; will 
pass instantaneously through the arms from the j^ositive 
to the negalrv^H.^. / * 

A number of these jars united^ as in fig. 3, is called 
an electrical battery: the insides are connected by means 
of the wires and chains, and the outsides are connected 



284 


ELECTRICITY, 


by being all placed in a box, the bottom of which is 
covered with tin-foil. Supposing the battery charged by 
means of the electrical machine, and with the rod a b c, 
it may be instantly discharged. 

Sometimes the battery is sufficiently large, and so 
powerfully excited as to melt the wire x in its passage. 
By this means, small animals, as birds and mice, have 
been killed in a moment: gunpowder, spirits, and other 
bodies may be inflamed. 

I will now describe a few experiments which may be 
easily made with an electrical machine; observing first, 
that bodies which are charged with the same electricity 
repel each other; but if one have more, and the other 
less than'its natural share, they will attract one another. 

Bx. yi. If a tuft of feat’ ers be placed in the hole z 
of the prime conductor, tind the machine be then 
worked, the feathers will enlfeavour to avoid one another, 
and stand erect at a distance; because all of them being 
electrified by the same electricity, they repel each other. 
Tale the electricity from die conductor, and the feathers 
will inste^^o^ts^tu> 

Bx. vii. Suspend a metallic plate from the condu^- 
* rtor, and underneath it, at the distance of three or four 
inches, put\ another plate of the same size, or larger; on 
thto place some small pieces of paper, or some bran or 
sine; mid work the machine; the paper, &c. will jump 
tbtbw upper plate, from which they will ^“repelled, 
and fly and dtBriwige.themselves upititbe lower plate, 
after which they wiH be attracted and repelled again, 
aud so continue till the electricity of the upper plate is 
tfech&rged. 
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Ex. viii. Take a little bit of cotton, or a light 
downy feather, lay it upon the palm of your hand, and 
hold it four or five inches from the prime conductor; 
turn the machine, and the cotton or feather will fiy to 
the prime conductor, and from the prime conductor to 
the hand, with a very quick motion, and continue as long 
as the machine is turned. In this experiment, the prime 
conductor being strongly electrified, attracts the unelec¬ 
trified cotton or feather, and electrifies .it/then repels it 
to the nearest conductor, viz. the hand: there the cottou 
deposits its electricity, and is again attracted by the 
prime conductor. ■* 

Ex. ix. Fig. 4 represents a set of bells, the middle 
one of which is to be connected with the pnme Con¬ 
ductor: the moment the machine is set to work, the 
bells will begin to ring, because all the bells k ’and clap¬ 
pers, except the middle one, are hung on silk, and all 
excepting the middle one are connected with the earth 
by means of the chains. The centre bell, having more 
than its natural quantity of electricity, ^tracts the clap¬ 
pers, and they are repelled te 'the. outage bells, where 
tbay deposit the electricity which they carry from ihe 
centre one z. / 

Ex. x. Let a person standing on an inflated stool, 
hold iu his hand a spoon filled with highly rectified 
spirit of wine, and made warm by heating the nlver 
spoon, if rwifjipr person take sparks from- the spirit, it 
will be instantly luutimed. 

Ex. xi. Introduce the blunt end of a wire into the 
hole of a prime conductor, and let the other end be 
^rawn to a point, on which place another horizont&l 
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wire, four or five inches long, but its ends bent in acute 
angles. Work the machine, and electricity will issue 
out of each point, resembling a star; and if it be made 
to turn upon its centre, nnd the machine act very 
powerfully, the flame will appear as one continued circle 
of fire. 


Ex. xii. If a person stand on the insulated stool, 
holding a shilling or half-crown between his teeth, and 
another person yot insulated take a spark from it, the 
sensation will be so seveie as to make him drop the 
money, unless his lips touch it. 

Ex.xnr. The Florence flask used in electrical expe¬ 
riments, is nearly exhausted of air, having a hi ass cup 
and ball fixed to its neck : it be held 1>\ the brass 

work, and be rubbed pretty briskly, it will be slightly 
luminous'within ; but if tljy ball be presented to the 
prime conductor while the machine is at wmk, the ap¬ 


pearance will be extremely beautiful, and will remain so 
some lime after it is removed from the piime conduc- 


Ex. xiv. a wold of any kind is illuminated in the 


/ollowing^nianner, on a long slip of glass: the worn is 
Vnade with ^in-foil in parallel lines, separated at different 
pieces, to ciuse sparks to pass from one piece to ano¬ 
ther, the word is exhibited by the passage of the elec¬ 


tricity over the tin-foil. 

El^Ctricify^nd lightning are undoujb^-ly ’’effects of 
the same cause. V £very effect of lightning may be pro¬ 
duced by electricity, and every experiment in electricity 
may be made with lightning, by conducting it from the 
clouds to a convenient place, by means of insulated rod. 1 , 
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or by kites raised in the air, a method which was disco¬ 
vered by Dr. Franklin ; and it is found, that in the 
natural, as in the artificial electricity, there is the positive, 
and also the negative. The ascending electricity in the 
air is said to be negative, because it leave*’, bodies in a 
negative state. The descending electricity, or that which 
passes from the higher parts of the atmosphere to the 
earth, is called positive electricity, because it renders all 
bodies electrified by it, in a positive slat*. • 

The knowledge of this branch of science has been 
applied to various practical purposes; as the defence 
of buildings from the dangers of lightning, -and to the 
art of healing. 

High buildings are piote^ted fiom the dire efrects of 
lightning, by fixing to them^one or more pointed metal¬ 
lic conductors, which are eh-vated a few* feet dtiove the 
building, and are continued to the eattb, and a few feet 
below its surface; these convey the lightning of electri¬ 
fied clouds silently away, which might otherwise *tiike 
the building, and do much mischief. 

Electricity is used for medical purp/ by giving the 
patient sparks, or slight shocks: this is best cfl^cted by 
machines contrived by Mr. Nairne for the purrose. But 

Mr 

sparks may easily be given to, or taken from/the bodv, 
by the most common electrical machines. Electricity 
has been successfully used jm the cure of deafness, 
iheumatis::: c _'>f Jong standing, the ear-ache, tcotlvache, 

&c. U ‘ 1 ' 
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LETTER XXXI. 

Origin of Galvanisin'—Experiments—Galvanic Circles—Voltaic 
Batteries—Decomposition of Water—Voltaism and Electricity 
compared. 

r 

It is now, my dear sir, more than half a century since 
the first electrical shock wa" felt by M. Muschenbroek, 
which, at that period, excited the attention of all the 
philosophers in Europe. The theory of the Leyden 
phial was soon explained ; and thence the powerful ef¬ 
fects of batteries were called in aid of the experimen¬ 
talist. After this, it was discovered that certain fishes 
had the power of producing shocks on the human frame 
similar to*tho^e *gipen 'by the electrical jar. Of these 
fishes there are three very remarkable; viz. “ the Tor¬ 
pedo, th\j\ Gymnotus Electricus, and the Silurus Elec- 
tricos.” From this circumstance, and from the convul¬ 
sive motions excited in dead animals, by means of elec¬ 
tricity, we had a branch of science devoted exclusively 
to Gsimal electricity; but about the.y«a»»— 1791 , it was 
observed by Galvani, that electrical effects could be 
produced on animals without the aid of an electrical 
apparatus, and, apparently, by different means. This 
discovery, which has led to the most important and 
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brilliant series of facts, was the effect of accident. Gal- 
vani, professor of anatomy at Bologna, having noticed 
certain involuntary motions 01 contractions in the mus¬ 
cles of some dead frogs, which had been suspended on 
the iron palisades of his garden, found, upon a more 
minute examination, that he could produce these con¬ 
tractions at pleasure, by touching the lifeless animal with 
two different metals, provided the metals were at the 
same time in contact with each other. 9 . 

If in an animal (as a frog), recently dead, the mus¬ 
cles and nerves being prepared for the purpose, a com¬ 
munication be made between a muscle and nerve by 
some conducting substance, or substances connected to¬ 
gether, as silver and zinc, tjje limb will be put Into mo¬ 
tion. I 

Experiment i. If par: of the nerve of jt prepared 
nmb be wrapped up in tin-foil, or be laid only upon 
vine, and a piece of silver be laid with one end upon the 
muscle, and the other upon the tin or zinc, the ibotion 
of the liinb will be violent. 

Ex. u. Place two wine-glasses, fulf of w r ater near 
each other, and put the thighs and legs of a frog, as fig. 
5, into the water of one glass, and lay the Verve c «, ‘ 
covered with tin-foil, over the edges of the two glasses, 
and just touching the water; let now a communication 
be made between the water jn the glasses by means of 
silver, or pitting the fingers of one band into the 
water of the glass that contains the legs, and holding a 
piece of silver in the other; if then, you touch the 
coating of the uerves with it, the legs will be so violently 
excited as sometimes actually to jump out of the glass.' 


o 
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These convulsive motions may be excited not only in 
dead, but in living animals, particularly in frogs, eels, 
flounders, &c. 

Ex. ili. Place 1 a living flounder upon a plate of zinc, 
pasting upon its back a slip of tin-foil, then form a com¬ 
munication between the zinc and the tin-foil by means of 
a wire, &c., and the same kind of contractions will take 
place as are witnessed in dead animals. 

The taste-and the sight may be affected by galvanism. 

Ex. iv. If you lay a piece of zinc upon your tongue, 
am( a piece of silver, as a half-crown, under it, and then 
form a connection between them by bringing the edges 
together, you will find a peculiar taste or sensation which 
is not produced by the metals separately, or indeed to¬ 
gether, provided they are nit brought into contact. 

Ex. v* To affect the sight, you may put a piece of 
zinc between the upper lip and gum, as high as possible, 
and a piece of silver upon the tongue, and whenever the 
two metals are made to communicate, by touching one 
another, a flasji of light will be distinctly seen. 

The conductors-of this fluid, if it be a fluid, differ 
from effch other in their conducting power; they are 
divided Vito perfect and imperfect conductors. The 
perfect conductors consist of the metallic substances and 
charcoal, these are termed conductors of the first class. 
The conductors of the second class, or imperfect con¬ 
ductors, are water, and the mineral asadv® 11 ^ a H sub¬ 
stances that contain these fluids. *' 

The most simple combinations capable of exciting 
the galvanic effects must consist of three different bo¬ 
dies, viz. of one conductor of one class, and two diffe- 
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rent conductors of the other class ; thus, iu the experi¬ 
ments just referred to, there are the silver, the zinc, and 
the saliva. Here are two perfect and one imperfect 
conductor, and it is called a galvanic circle of the first 
order. Where only one perfect and two imperfect con¬ 
ductors are used, it is called a circle of the second 
order. 

It was soon ascertained, that if a single combination 
of three conducting substances produced a certain effect, 
a second and a third would produce a double and treble 
effect, and so on. The combinations are now denomi¬ 
nated Voltaic piles or batteries, from Vblta, an inge¬ 
nious Italian, who improved the science, or ngher, who, 
seizing the first ideas of fSalvani, improved upon them 
so much, as to render it a new scieuce in his own 
hands. ^ 

The earliest effort in this way was a pile, consisting 
of alternate layers of zinc, copper, and moistened jvoolien 
cloth. One of these piles is represented by fig. 6 ; the 
layers consist of round pieces of metal, and cloth, and 
they are placed in exact ordei', zind, copper, cloth; this 
is necessary, because it is found that there i?/a positive, 
and negative end; and, of course, in every complete 
circle, the electric fluid circulates in one \yiy only. If, 
therefore, two equal simple combinations were so ar¬ 
ranged, that the two currents opposed each other, they 
would be annihilated, and produce no effect; 2 and x 
are two pieces of wood, made to slide on the rods a b c, 
which are of glass, and so placed as to prevent the pile 
from falling. 

» 

Ex. vi. If, now, the pile be in action, and a person 

o 2 
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put one hand to the lower stratum of zinc, and the other 
to the upper stratum of copper, he will feel an electric 
shock, in a greater or lesser degree, according to the 
height of the pile. 

In fig. 7, we observe a different kind of battery, con¬ 
sisting of a row of finger-glasses, or china cups, contain¬ 
ing a weak solution of nitrous acid in water; into each is 
plunged a plate of zinc, z> and a plate of silver, s, fas¬ 
tened together by curved wires, w. 

Ex. 7. If, instead of three or four glasses, there 
were twelve or twenty, arranged in the same manner, 
and you were* to put one hand in the first and the other 
in the las*, you would perceive a considerable shock. 

We have, in fig. 8, a more Convenient battery : it con¬ 
sists of a trough made of weJgewood ware, divided, as 

f* ... 

is exhibited in the figure, ard at each division there is a 
plate of zinc, and one of copper; between the divisions 
is a solution of acid and water, the two wires w w con¬ 
nect the positive and negative ends of the battery, and 
if the battery be' sufficiently large, the most interesting 
and brilliant experiments inay be produced. Glass, you 
‘know is Sf non-conductor, therefore the small tubes x 
and z slide on the wires, that the operator may handle 
them without danger of a shock. The square plate o is 
likewise glass. 

Ex. vni. If charcoal/gunpowder, gold or silver 
leaf, &c. be placed oil the glass g, and the two wires 
be brought together, as in the figure, the substance, 
thus exposed to their action, will be instantly deflagrated. 

.It should, however, be observed, that, to produce an 
action equal to this effect, there must be several such 
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batteries as that represented in fig. 8, united by metallic 
cramps, such as fig. 9- The battery used at the Royal 
Institution consists of so many plates as to make a sur¬ 
face of metal equal to many thousand square feet. 

You are already apprised, that water is not a simple 
substance. It was by the modern improvements in 
chemistry that the discovery was made, that this fluid, 
one of the elements of the ancients, is a compound of 
two gases or airs, denominated oxygen* and hydrogen. 
By electricity, and by voltaism, water has been decom¬ 
posed, or reduced to these gases: and by the*same 
agents water has actually been produced by the union of 
these gases in a certain proportion, viz. of # about 80 
parts of hydrogen to 20 df oxygen. 

Ex. ix. Fill a small glass tube, a b, fig. 10, with 
very pure distilled water, apd connect the ttfres, which 
pass through the corks, with the zinc and copper wires, 
z c , of the battery, fig. 9, and almost immediately a 
stream of gas proceeds from that wire which is con¬ 
nected with the negative end of the battery, which is 
hydrogen gas; from the other Vire dxygen gas is evolved. 
The hydrogen may be collected, but the oxyjen unites, 
with the wire, unless both the wires proceeding from 
the battery be of gold or platina, which ary: not Qxyda- 
ble, then the two gases may be collected together, and 
if presented to a candle, will explode with great vio¬ 
lence, which proves, that they consist of hydrogen and 
oxygen. 

Without entering farther into the subject, you will, 
from the foregoing observations, be able to draw for 
yourself some conclusions, viz. that voltaism appears to 
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be a peculiar mode of exciting electricity, by the che¬ 
mical action of certain bodies upon one another. The 
oxydatioft.of metals produces it in great quantities. It 
is by the oxydation of the metallic plates, made use of 
in the batteries already described, that the voltaic effects 
are produced, of course the action is greatest when the 
troughs, &c. are first filled with the fluid, and it becomes 
less and less till the plates are completely oxydated, 
when it ceases; the plates must then be removed, and 
the oxyde cleaned oft* before they will be fit for farther 
experiments. The nerves of animals are more easily 
affected by voltaic electricity than other substances; 
and to prove the similarity between this and the com¬ 
mon electricity, it may be noticed, that the same sub¬ 
stances are conductors and non-conductors of both. By 
both, Leydfcn jars may be charged, and shocks given to 
one, or many persons holding hands; but when voltaic 
electricity is used, the bands must be moistened with a 
solution of salt and water. The electric shock pro¬ 
duced by the tcrpedo, Silurus Electricus, &c. is very 
analogous to that produced by the voltaic battery. 
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LETTER XXXll. 

Magncl described—Its Properties—Magnetism comhmii footed to 
Iron and Steel—Experiments—Magnetic Meridian—Polarity of 
the Magnet useful to Mariners—Artificial Magnets—Variation of 
the Compass—Dipping of pie Needle—Horse-shof Magnets— 
Mariner’s Compass. 


M a c n etj s m is another^ branch of science with which 
it is necessary you should be acquainted. It derives its 
name from the loadstone, or natural magnet, a very sin¬ 
gular substance, not much unlike the ore of iron, which 
was well known to the ancients for i|s property of at¬ 
tracting iron. But it was n6t till 9 the beginning of the 
14th century, that this most important pr6perty was, 
applied to the conducting vessels over seas to foreign 
countries. Till this period, mariners had 4 scarcely ever 
ventured to quit sight of land, no^knowing, if they 
did, by what possible coifrse they could return. To 
exhibit the attractive power of the magnet is shewn the 
following 

Experiment. If a magnet and a piece of iron be 
placed on pieces of cork on a vessel of water, and brought 
to within a certain distance, they will attract one another, 
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and if equal in weight, they will meet in a point half 
way between the two. 

This attiactive property of the natural magnet may 
be communicated to iron and steel, by which means 
they also become magnets, and will produce the same 
effects on other iron and steel. Iron or steel thus con¬ 
verted are denominated artificial magnets. Soft iron 
acquires magnetism with more ease than hard iron or 
steel, but the latter will retain it much longer; and 
what seems very surprising is, that the magnetic virtue is 
not diminished, but rather increased, by communication. 
It is most act ve at the two opposite points, which are 
denominated the poles, from their correspondence with 
the poles of the earth. 

Ex. ii. ft is found, by placing the magnet on a 
piece of cork floating on water, so that it may turn 
freely, it will arrange itself in the direction of the poles 
of the earth, namely, north and south, but not accu¬ 
rately so. 

Ex. in. To fiud the poles of a magnet, place it 
under a smooth piece of paper, and sift some steel 
filings on the paper, which will arrange themselves in 
curves. At each end of the magnet the filings will 
take a straight direction, and those which are situated 
at a small dist nce from the poles, will assume more or 
less of the curve, in proportion to their distance from 
them/ 

The readiest and most convenient way of discovering 
whether a piece of metal is magnetic, is by means of a 
small compass needle; for if it contain iron which is uot 
magnetised, every part will attract either end of the 
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compass indifferently ; but if it be magnetised, then its' 
north pole will attract the south, and r$pel the north 
pole of the needle; and, vice versa , its south pole will 
attract the, north, and repel the Bouth pole of the 
needle. 

There are various methods of giving the magnetic 

property to iron or steel, but in these there is need of a 

real magnet; in some cases, indeed, the property is ac- 

• * 

quired without the use of another magnet. 

Examples. A piece of iron brought sufficiently 

near a magnet becomes itself a magnet. mfs”of iron 

£ 

that have stood a long time in a perpendicular direction, 
are frequently found to be magnetical. If« long bar 
of hard iron be made red hot, and then suffered to cool 
in the direction of the magnetical line, it becomes n§§g- 
netical. Lightning, and |Jbe electric shock, will some¬ 
times give polarity to iron qnd steel. •* 

Artificial magnets are made by applying one*or more 
powerful magnets to pieces of steel; and a needle, 
adapted to a compass, is made by fasfening the steel on 
a piece of board, and drawing magnets over it, with a 
heavy hand, from the centre outwards. * 

The power of a magnet is not diminished by commu¬ 
nicating its properties to other bodies; and it is much 
increased by the addition of iron ^rad/ally. Two or 
more magnets joined together may communicate a greater 
power to a piece of steel than either of them possesses 
singly. 

A magnet bent so that the two ends almost meet, is 
called a horse-shoe magnet. Magnets are made so to 
increase the action, because it is found, that both poles 

o 3 
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together attract with much greater energy than a single 
one, and in th|s shape they are easily made to act at the 
same time on the same body. 

If two soft pieces of iron are applied to the poles of 
a bar-magnet, and made to project in the same direc¬ 
tion, they not only become magnetical themselves, but 
may, in this situation, be made to act at the same time, 
on the same piece of iron. The magnet, in this case, 
is said to be “ arraod,” and the pieces of iron are called 
the armature ; to avoid the necessity-of this, horse-shoe 
magnets iwe used. Magnets should not be left with two 
north or south poles together, for, in this position, 
they destroy each other’s polarity, or, at least, very much 
diminish it. Bar-magnet9 should always be left with 
the opposite poles laid against each other, or by con¬ 
necting their opposite poles by a bar of iron; hence, a 
small bar of iron is always placed at the ends of a horse¬ 
shoe magnet, which not only preserves the power of 
the magnet, but prevents it from acting on surrounding 
bodies. *' 

If a needle before‘being magnetised be suspended on 
a horizontal axis passing through its centre of gravity, it 
will rest in any position in which it may be placed ; but 
no sooner is it magnetised, and brought into the magnetic 
meridian, iha’h it *akes an inclined position, making in 
this country an angle of 7f* or 72 with the horizon, 
the south pole being elevated, and the north pole de- 

r 

pressed. 

Soft iron instantly imbibes the magnetic fluid, and as 
instantly loses it ; hardened iron is difficult to magnetise, 
but then it retains the magnetic virtue permanently. 
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Ex. iv. Take a bar of soft iron, a kitchen poker 
which has been long in constant use will answer the 
purpose,—place it parallel to the*magnetic axis of the 
earth, and it will instantly become magnetic, as may be 
seen by bringing a small compass needle close to it; 
reverse it, it will still be magnetic, its poles changing 
with its change of position. 

The magnetic poles are not directed towards the same 
part of the heavens as the poles of tjfe earth. Indeed, 
the magnetic axis does not seem to passsihrough the 
centre of our globe, for the north and sount magnetic 
poles are not antipodes to each other. * * 

The north magnetic pole is supposed to foe situated 
somewhere about latitude* 70' north, and longitude 100° 
west of London ; whilst the south magnetic pole seeQis^ 
to be somewhere about latitude 65° south, aifd longittfae 
130° w est of London. 


Since the magnetic poles do not coincide ^ith the 
poles of the earth, it is evident, that the needle cannot 
point due north and south, except ia those countries 
where the magnetic and true* meridian coincide. 

This deviation of the magnetic from the true meridian. 
is called the variation of the needle. In London it is at 
this time about 24° to the westward. The inclination 
of the needle to the horizon is calledy&e yip*-jThe dip 
is found to increase as we Approach the magnetic poles, 
where, according to theory, the needle ought to take a 
perpendicular position. 

When the needle was first known in this country, the 
variation was to the eastward; about 1657 it pointed 
due north in London. In 1817, it was about 24° 17* 
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west; and^ since then, it has been slowly returning to¬ 
wards the tru$ meridian. Hence it appears, that the 
magnetic poles are not permanent, but probably revolve 
round some central point in a period of about 600 
years. 

The needle is subject to a small diurnal variation. 
About eight o’clock in the morning it begins to move 
westward till two in the afternoon, when it gradually re¬ 
turns. The diurnal variation is probably occasioned by 
the heat of/lie sun. 

The til ora Borealis is found to derange the needle 
very considerably, particularly in high latitudes: in Swe¬ 
den it hasw been observed to amount to as much as 6" 
or 7°. 

V'The Aurora Borealis always appears in the direction 

of the magnetic pole. In th,e late voyage to the Arctic 

* 

Sea, this phenomenon appeared in the south, the ships 
being then to the northward of the north magnetic 
pole. 

The cause o^ magnetism is little understood ; the 
discoveries of Professor Oersted, however, have thrown 
' considerable light on the subject, and plainly indicate, if 
not the identity, at least a close connection, between 
magnetism, electricity, and galvanism. 

If the ejhr&mesW a voltaic battery be connected by a 
platinum wire, the wire becomes heated; and, if very 
small, suffers ignition. Suppose such a wire to be laid 
upon the positive and negative conductors of a voltaic 
apparatus; bring the north pole of a common magnetic 
needle below and at right angles to the platinum wire, 
and it will be repelled; lemove the needle, so that it 
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may still be at right angles to the wire, but with its north 
pole above it, and it will be attracted: if the electric 
poles be reversed, those phenomena wilt also be re¬ 
versed. 

If the conjunctive platinum wire be placed verti¬ 
cally instead of horizontally, it will occasion the needle 
to oscillate, but in no part will it permanently attract or 
repel the needle. 

If a small steel bar be attached to *the conjunctive 
wire, and parallel to it, it is not polarised^ but if it be 
attached to it transversely, it becomes perttymently po¬ 
larised. • . 

To render a steel bar magnetic, it is not necessary 
that it should actually touch the conjunctive wire, for 
the electro-magnetic inHuence is conveyed to a consider- 
able distance, and is not excluded by the jnterposijEhth 
of a plate of glass, of metll, or of water. 

If two conjunctive wires be placed parallel to each 
other, and so attached to the voltaic battery afc to have 
their opposite ends attached to the same pole, they will 
attract each other - but if so placed as to have the con¬ 
trary ends attached to the same pole, they will repel 
each other. 

These experiments of Mr. Oersted have been repeated 
and verified by Mr. Ampere, Sir Ffrumphry^Sfavy, Dr. 
Wollaston, and others. • if* 

I will now conclude what I have to say on this sub¬ 
ject with a description of the u mariner’s compass.” 

This instrument, always to be met with on board of 
ship, consists of three parts, the box, the card, or fly, 
and the needle. The box which contains the card‘and 
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needle, is made of wood, brass, or copper, and is of a 
circular shape. It is suspended within a square wooden 
box by means of two concentric circles called gimbals, 
so fixed by cross axes, in the manner of the rolling lamp, 
see Mechanics, that the inner one, or compass-box, 
retains a horizontal position in all the motions of the 
ship, while the outer or square box is fixed, with respect 
to the ship. The compass-box is covered with a pane 
of glass to present the card from being disturbed by 
the wind. The card is a circular paper fastened upon 
and movinp‘*with the needle. The outer edge of the 
card is divided into 360 parts or degrees, and within the 
circle of those divisions it is again divided into 32 equal 
parts, which are called the points of the compass or 
x rhumbs, each of which is agaiu subdivided, and the let¬ 
ted N., NF., ENE., &c., are marked. The magnetic 
needle is a slender bar of hardened steel, with a hole in 
*lhe centre, to which a conical piece of agate is adapted; 
this turn6 on a pin fixed in the middle of the box, and 
is obedient to every change in the direction of the ship 
to which the compass is attached. 
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LETTER XXXIII. 

♦ • 

Length of a Pendulum vibrating Seconds, as determined by Captain 

Kater—The construction of achromatic Telescope explained— 

Heating and Chemical Rays- Magnetism by violet Rj,j'--*«<Double 

Refraction—Polarisation of Light. 

MY DEAR SIB, 

Your answer to my last letter gives me the greatest 
satisfaction, as it evinces a close attention to the sub- 

A 

jects recommended to your notice, and a laudable desire 
of obtaining a more complete knowledge respecting 
them. 

You ask me to explain to you Captqjn Rater’s method 
of determining the length of a pendulum vibrating se¬ 
conds. The construction of achromatic telescopes, and 
what is meant by the polarisation of light. 

The difficulty of obtaining the actual length of a pen¬ 
dulum arises from this circumstance * ths* ffi^hentre of 
oscillation, though a real,*is an invisible* dud untangihle 
.point, and consequently that its distance from the point 
of suspension cann&t be measured with any thing like 
precision. 

It is now' upwards of a century and a half since 
Huyghens first applied the pendulum to clocks; and it 
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is to that great mathematician we owe the demonstration 
of this curious and important theorem, namely, that the 
centres of suspension and oscillation of a pendulum are 
mutually convertible into each other ; that is to say, if 
a pendulum vibrating in any given time whilst hanging 
in one position, be inverted and suspended from what 
was then its centre of oscillation, its former point of 
suspension will now become the point of oscillation. 

Fig. 7- of ‘iniscell. plate i. represents a pendulum 
similar to tKt employed by Captain Kater. It consists 
of a red' v b f with a large bob b, fixed at one end, and 
a smaller'bob c, moveable along the rod at pleasure. 
This pendulum is capable of being suspended either at 
a or b. 1 

First let the pendulum be suspended by the point a , 
and the tifoe of its vibration noted ; then from the point 
b, and if its vibrations be the same in this as in the for¬ 
mer position, it needs no adjustment. 

But if the vibrations in the two positions be unequal, 
move the bob c towards a or b , as occasion may require, 
until the vibrations aft perfectly isochronal. 

The pendulum being thus adjusted, it is evident from 
the theorem of Huyghens, that a and b will become 
mutually points of suspension and oscillation to each 
other. that rtyiiains, therefore, is carefully to mea¬ 
sure the distant oMiese points from each other, which 
distance will'be the length of the pendulum. 

In this manner Captain Katec^uerinined the length 
of a pendulum vibrating seconds in the latitude of Lon¬ 
don, to be 39,138 inches English measure. 

1 will now explain to you in what respect achromatic 
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telescopes differ from th*ose of the ordinary construc¬ 
tion. 

White or common light, as you„ kuow, J is a hetero¬ 
geneous substance consisting of various rays of different 
colours aud different degrees of refrangibility. In con¬ 
sequence of this latter property every ray has its parti¬ 
cular focus, so that a convex lens, instead of producing 
one colourless image, produces a number of different 
coloured images, lying, as it were, ppon each other, 
which makes objects appear ill defined, aqd surrounded 
with coloured fringes. 

Let a*jb fig. 4. miscell. plate ii. represgnt* the con¬ 
vex object-glass of a common telescope, s a, s b, rays 
of light from the sun, moon, or any other lumftious body 
falling upon it. The light composing these rays is de¬ 
composed in passing through the glass by thgir unequal 
refraction, the red rays converging to a focus at K, (he 
violet at v, aud the other colours to intermediate points 
between v aud r. 

There are two sorts of glass used in the construction 
of telescopes, crown glass and flint*glass; the former is 
the most transparent, and therefore generally*preferred 
for single object-glasses, the latter possesses a greater re¬ 
fractive power over all the rays, particularly over the 
violet. v 

By combining these two forts of glass, 'he optician is 
enabled to correct the error of each, and* to form an 
achromatic object-gte.jhat is, a glass which shall bring 
all the rays to the same focus. 

Suppose A b, fig. 5, to be a convex lens of crown 
glass, the rays s a, s b, as in the former case, would be 
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decomposed, the violet coming to a focus at v, and the 
red at it. To prevent this, the concave lens c d, of 
flint glass, is { laced immediately behind a b. The effect 
of this glass is to lessen the convefgency of both the rays, 
but that of the violet most; and by this means they are 
made to converge to the same focus r. 

By employing a third lens, the object-glass is rendered 
still more achromatic. The finest refracting telescopes 
that ever were mpde have triple object-glasses, consist¬ 
ing of two convex lenses of crown glass, with a concave 
lens of flinty glass placed between them. 

Before J[ proceed to the polarisation of light it will 
be proper to make you acquainted with the discoveries 
of Dr. Herschel and Dr. Wollaston, and to explain 
what is meant by double refraction. 

' By placing a very sensible thermometer in the different 
coloured portions of a prismatic spectrum, Dr. Herschel 
found that the violet rays indicated the least heat, and 
that the thermometer gradually rose as it was removed 
from one colour to the other, until it reached the red : 

4\ 

here he naturally expected to find it at its greatest height, 
but to his«great surprise this was not the case; for on 
' removing it just without the red extremity of the spec¬ 
trum, the thermometer rose still higher : plainly indicat¬ 
ing the^Gxjslqnce. of an invisible ray beyond the red, 
hotter than jresty—'This rpy has since been called the 

calorific or treating ray. 

This discovery of Dr. Hersche)^ induced Dr. Wol- 
laston to examine the other extremity of the spectrum ; 
and the result of hist experiments has been the discover¬ 
ing of another invisible ray, just beyond the violet, raani- 
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Testing less heat than the rest, but possessing the peculiar 
property of changing muriate of silver from white to a 
black colour, and gum guaiacum from* yellow to green.— 
This ray, from its effects, has been denominated the che¬ 
mical ray. 

These experiments, though extremely difficult to 
make, have been repeated and amply verified, and prove 
that the solar rays are separable into three principal 
parts; the calorific or heating rays,'the colorific or 
colouring rays, and the chemical rays. « 

Another very remarkable discovery, said to have been 
made by the Marquis Ridolfi, and verified riby> the late 
Professor Playfair, is the extraordinary property pos¬ 
sessed by the violet rays df magnetising a steel needle. 
Great doubts, however, have been entertained of the 
justness of these experiments, which seem, ut least, to 
stand in need of further triar. 

I now come to the subject of double refraction; by 
which is meant that curious property, possessed by cer¬ 
tain crystals, of dividing a ray of tight jnto two distinct 
sets of rays, so as to form two perfectly similar images 
of one and the same object seen through them! 

This extraordinary phenomenon is most strikingly 
exhibited in Iceland spar, and sulphate of lime, the 
crystals of which are of a rhomboidal form,—S,de fig. 9 
of misc. plate i. • / ' 

If a piece of this spar be placed upon* a sheet of 
white paper, on which small dots have been described, 
they will each appear like two distinct dots, more or less 
separated from each other, according to the greater or 
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lesser thickness of the piece of spar.—This plainly 
shews that the light, in coming through the spar, is 
separated into two complete rays. The refraction always 
takes place in the direction of the diagonal plane which 
joins the two obtuse angles of the crystal.—This plane 
is called the principal section of the crystal. 

Let abc f fig. 7, misc. plate i. represent the principal 
section of a crystal of carbonate of lime, e a ray of light 
falling on it a Vf. This ray will be divided into two com* 
plete rays, o»:e refracted to fg, the other t of h— the for¬ 
mer is cafled the ray of ordinary, the latter the ray of 
extraordinary refraction. 

Experiment. Lay a piece of Iceland spar upon a 
sheet of writing paper, on which has been described two 
or three small dots with black ink. Each dot will ap¬ 
pear like Jwo, and if the piece of spar be turned round 

*» 

on the paper, the extraordinary image of each dot will 
appear to revolve round its ordinary image; the two 
images always lying in a line parallel to the diagonal 
joining the two obtuse angles, a d, fig. 7* 

The double refraction of Iceland spar was known to 
Huyghenfe, who attempted to explain this extraordinary 
appearance by his hypothesis of the undulatory motion 
of light. The fact has always been considered as one 
well dc&erying thh attention of philosophers; but it has 
lately acquirfe£ a still greater degree of interest by its 
connection with the important discovery of M. Malus, 
of the polarisation of light by reaction. 

The polarisation of light is a subject far too extensive 
to be comprised in the narrow compass of a letter. I 
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will endeavour, however, to give you as distinct and 
comprehensive a view of the subject as I can, by 
describing one or two of the principal experiments. 

Let a b, fig. 6, misc. plate ii. represent a ray of 
light coming from the candle a, and falling on the 
plate of unsilvered glass b y standing upright, and so 
placed as to receive the ray a b at an angle of incidence 
of 35° 25'; let this ray be again reflected to another 
unsilvered glass at c, also standing upright, and at the 
same angle of incidence, the reflection frcun this last 
plate will be in the direction c d, in the same # plane as 
a b and be. 

Things being thus arranged, an eye placed at d will 
see the twice reflected infage of the candle very dis¬ 
tinctly ; and the same will be the case, if instead of 
placing the second glass c, so as to reflect the iuage to d, 
it be placed so as to reflect ft into the same plane, but 
in a contrary direction from c towards f. 

Now, let e and f be a candle and glass placed in a simi¬ 
lar situation with respect to each other a and b ; but 
instead of the second glass being in a vertical position, 
let it be inclined to the table as g, so as toreceite the ray 
f g at an angle of 35 w 25'. By the common principles 
of optics, the ray f g should be reflected to h ; but an 
eye at h will see no image whatever of'the candle at e, 
though the reflected image *>f the itself will be 

distinctly perceived. 

If the second glassso inclined as to reflect the ray 
b c or f g neither into the same plane with the first inci¬ 
dent and reflected ray, nor in a plane perpendicular to it, 
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but in one inclined to it, then a faint image of the can¬ 
dle will be seen, more or less bright as the reflection 
approaches'uparesft to the direction c d or gh. 

This peculiar modification of light, which disposes it 
to be reflected into one plane, is called its polarisation. 
Thus, the ray a b , or ef t is said to be polarised in the 
plane abed , and depolarised in the plane fg h ; and 
in planes inclined to these it is said to be partially depo¬ 
larised. ' '. 

v 

The an^e of 35° 25', is called the angle of polarisa¬ 
tion, because it is only under that precise incidence that 
the phenomenon completely takes place, at least with 
respect to glass. 

For the angle of polarisation differs with the refract¬ 
ing power of the reflecting substance, and of the sur¬ 
rounding medium, and appears to be such that the 
incident ray, if refracted, vfould be perpendicular to the 
first reflection : thus the incident ray a b , if refracted, 
would proceed to x, and b c will be perpendicular to 
bx . , 

The refracted light fax, is polarised in a direction, 
contrary to that of the reflected light be: for if a glass 
be placed at «, parallel to b } it will not reflect light, but 
iuclined, as at g } it will reflect in a plane at right angles 
to a b *«and b c. 

The ray &~dir*rily refracted by a doubly refracting 
crystal is polarised in the direction of its principal axis, 
the extraordinarily refracted rjy Jtl the transverse direc¬ 
tion. 

This, although a very rude and imperfect sketch, will 
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enable you to understand what is really meant by the 
polarisation of light. The subject is in itself an exceed- 
ingly difficult one, and has been rendered still more so by 
the vain attempt to reconcile it to idle preconceived 
theories, and* elaborate calculations, founded on very 
uncertain data. 
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f QUESTIONS 

AND OTHER EXERCISES 


On the several Letters contained in this Work; intended as ive/l 
for the Examination of Pupils, as for a Guide to young Persons 
who would become their own Instructors in Erperbhental Philo¬ 
sophy and the Art of Composition, See Preface. 


MECHANICS. 


LETTER II. Page 5 . 

What is meant by matter, and to 
*-hat is the definition applicable ? 

What experiments prove that air 
is a body? 

Is it known of what matter is 
composed ? 

Can you turn to fig. l. and show 
how it is demonstrated that matter 
is infinitely divisible? 

Mention some instances in which 
the division of matter is carried to 
very great lengths? 

Are there not facts still more stir- 
prizing with regard to the nat"j^ 
divisions of matter ? f 

Do the properties of cxtensiJn 
and mobility, as applied to matte*, 
require demonstration ? / 


How is motion defined, and how 
many kinds of motion are there ? 

Wha^Ajfs the principle’of inertia 
imply, and how is it ilmstrated ? 

What circumstances tend to stop 
a body in notion ? Give the exam¬ 
ple. 

What inferem^ "is drawn from 
this? y 

How is the velocity of motion 
measured? Give the examj»e. 

How do yr ..-iraceitjin thd'velocity 
of a body t 

Hoi# the space run over found ? 
Giy/^/ 0 example. , , 

Ex pain the course of a body in 
motion byi^jg. 3 and"3. «, 

In what cases does a body in mo¬ 
tion have the same direction, and in 
what cases a different direction. 



Explain, by tig. l, I he composi¬ 
tion of forces. Give the examples. 

r 

LETTER III. Page 15. 

Why do the planets move in curve 
lines ? Explain this by fig. 5. 

What is meant by an accelerating 
motion ? Give the example. Let it 
be illustrated by means of fig. 6. 

By what laws is accelerated mo¬ 
tion governed.' 

How many feet will a body fall 
in 4, 6, and 8 seconds ; and how is 
the depth of a ’-cH &c. found by 
the motion of a falling body? 

Wba* is mean, by attraction? 

How many kinds of attraction are 
tlieie? 

Why do heavy bodies fall towards 
the earth? 

What : s meant by the attraction 
of cohesion, and in wlut caves docs 
it take place? Give the examples of 
the bullets and cork. 

What is capillary attraction, and 
what experiment illustrates it? 

'Explain the pi it 'iple shewn by 
fig. 7, J'O that of the third expeii- 
ment. 

Men ion some f»ipiliar instances 
of this kind of at it action. 

What is meant by repulv n; and 
what examples illustrate tV, prin¬ 
ciple ? 

LETTER IV. Page 24. 

Wha»t is the attraction of gravita¬ 
tion, and what motions depend on it? 


14 

j What example proves that the 
power of grav ty is the same in all 
bodies ? 

How did Sik Isaac Newton prove 
that gravitation 's in proportion to 
the qus* itity of matter attract¬ 
ed? 

What inference is diawn liom 
this? 

How are the apparent exceptions 
to this rule explained? Give the ex¬ 
periments. 

By what are bodies kept steady 
on the surface of the earth ? 

How has the deluge been ac¬ 
counted for ? 

• s the earth a perfect globe ? 

Where is the power of giavity the 
greatest, and what laws does it fol¬ 
low ? 

i What is the difference of weight 
of bodies at the surface and at par- 
ticular heights above the surface of 
the earth? 

j What would a pound weight 
_ weigh at the distance of the moon, 

| and how is this explained? 

Does the earth gravitate towards 
other bodies, and how is it explain¬ 
ed? Give the experiments 

What is the cause of attraction, 
and what experiment did Dr. Mus- 
' fcelyne institute in proof of it? 

i 

i Is giavity an univeisal principle? 

L 

LETTER V. Page 32. 

What is the first law of motion, 
And how is it illustrated ? 

* What is the second law of motion, 
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is it illustiated ? Ek plain different bodies found ? Explaiu fig. 


- iiri iiow 

viliat is meant by figy/e f>. 

What is the third law of motion, 
how is it lllusfralccjf and what is 
learned from it ? / J 

On what docs the cwbion of 
bodies depend ? 

JIow is the principle of elasticity 
explained? 

What facts arc mentioned in con¬ 
nection with elastic bodies? 

Explain what is intended to be 
shewn by fig. 9 and 10. 


14. 

In bodies revolving about one 
anotJipr, what does the centre of 
giavity describe ? 

Shew by fig. 15, how the centre 
of gravity is found? 

In what case will scale-beams, 
&c. rest in any position ? 

Explaiu what is meant by figs? 
16 and 17. 6 

Tn wlftt case is waggon, &c. 
liable to be overset, and under what 


What cuiions fact depend^n the circumstance is there no danger? 
inertia: of matter ? See fig. 18. # 

What is a pendulum ? Explain the Explain what is meant by fig. 20. 

piinciplc of pendulums in motion Jiy | How aie the motions of, a loaded 

fig. 11. I cylinder and a double cone explain- 

What is the point of suspension, ! ed? Sec fig. 21 and 22. 
and what is the rule witli regard to ! Mention son;® familiar instances 


the lengths of pendplums? 


in which the equilibrium* of motion 


Wharis meant by the centre of is sgjydaineil upon the principle *»f 


percussion ? 

Wheie do pendulums vibrate the 
slowest, and what is the conse¬ 
quence of this? 


is ^gmameu 
gravity/^^ # 

Explain the principle of the rol¬ 
ling candlestick, fig. 23. 
j What circumstance will the know- 
j bilge of the centre,of gravity cna- 
! l»le us to ex 
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< LETTER VI. Page 42. 

I 

What is meant by the centre of 
gravity ? For what 

What is the line of direction? # I powois used? 

On what principle do bodies Wlt*V«s meant by the word mo- 
stand, and on what do they fall? mcp'ii? t 

Explain what is meant by fig. ExqvVyn the experiment shewn by 

and 13. /.fig. 24. 

What inferences are drawn froiji I Why do cannon-balls do more 
thb? I j mischief than the ancient battering 

How aic the centres o( gravity «f iain>> ? 

I I p u ' 



'W'hat are the mechanical powers, 
what do they enable a man to per¬ 
form, and what is derived from 
them? 

Explain the principle of the lever 
by fig. 25. 

With fig. 26 point out what is in¬ 
tended by the first experiment. 

In what cases is there an equili¬ 
brium between the weight and the 
power? 5 

How is the velocity of a body 
measured? Explain this by fig. 27. 

Point out what is meant by the 
phrase “ What we gain in power 
we lose in time.” 

Explain the principle of the steel¬ 
yard, fig. 28. 

What instruments, &-c. are to be 
teferred to levers of the first kind? 
<iv Explain the principle of a lever 
of the second kind, fig- SSt 1 ' 3 '’' 

What instruments are to b# re¬ 
ferred to this ? 

Explain the principle of a lever 
of the third kind, fig. 30. 11 '! 

What familiar distances have we 
of Iqvers of this sort? Explain what 
is meant by fig. 31. 1 

Whai is meantljy th . fourth sort 
of lever, figpW ■£ 

LETTER VIII. Pag4o&- 

f 

Explain the principle of the wheel \ 
and axis, fig. 33,34,35. 

To what is the wheel and axis 
.applied? t 


| Explain thf principle of the wheel 
' and pinion. r 

To what i° the wheel and pinion 
applied ? 

Explair ] the pi r nciple of the crane 
represented by fig. 36. 

How does the circular crane act, 
fig. 37 ? 

What is the principle of the wind¬ 
lass, fig. 38 ? 

Explain the pi inciple of the pul¬ 
leys, figs. 39—44. 

How is the advantage gained by 
pullies estimated ? 

What inconveniencies attach to 
the working of pullies? 

"In wliat respect are these defects 
obviated by Mr. White’s pullies? 


LETTER IX. Page 65. 

Explain, by fig. 45, the principle 
of the inclined plane. 

For what is the inclined plane 
chiefly used ? 

How is the foice of a body de- ^ 
scending down an inclined plane | 
estimated ? > 

Point out what is intended by fig. 
46,47, and 48. 

How is the advantage gained by 
the inclined plane estimated? 

What instruments are referred to 
the inclined plane ? 

Explain the principle of the 
wedge, fig. 49. , 

For what is the wedge used, and 
how is the advantage gained by it? 
estimated? 
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Of what are wedges usually rhade, 
and how are they geQfrally used ? 

What instruments are referred to 
the wedge ? f 

Explain the ^/siicip^e of 


the 


screw, fig. 50. r ’ ... 

What are figures 51 and 52 in¬ 
tended to explain? 

How is the power gained by the 
screw estimated? 


LETTER X. Page 71. 

• 

To what are the principles of the 1 
mechanical powers reducible? 

In the mechanical powers how sfte 
the powers and weights arranged? 

How innch is to be allowed in 
practice for friction? 

What is friction, how is it rep re* 
seated, and how does it vary? 

Under what circumstances is the 
impediment from friction the small¬ 
est? 

For what are friction rollers used? 
Explain what is meant by figs. 53, 
54tf and 55. 

Point out the action of the ma¬ 
chine represented by fig. 56. 

Give the example to prove that 
“ what is gained in power is lost ii^ 
time.” 

What proportion of labour is that 
of a man to a horse? 

Why is running water preferable' 
to wind as a moving power? * 

Which is the most powerful oh 
agents, and to what is it applied ? i 

i; 


■> To what motions are heavy 
weights applied ? 

In what respect is the force of a 
spring useful as a moving power, 
and in what does it differ from that 
of a descending weight? 


LETTER XI. Page 77. 

With what are bodies in motion 
compared,* atfd how is the subject 
illustrated ? • 

To what investigation have the 
properties of the fever been ap¬ 
plied ? * * * 

Explain this by fijj. 57. 

What inference was deduced by 
Galileo ? Explain this by the figure. 

What reason is assigned for the 
stalks of corn, the quills of feathers, 
&c. being hollow ? 

’TTf-wlr^as this priootple been 
applied ? * 

What bodies, as to large and 
small, are more in danger of acci¬ 
dents?* 

How is the fo^je which tend? to 
break bodie^ estimated? Explain 
this by fig. 5A. 

What cir/imstances mus^be con¬ 
sidered in the ccj^^^Letion^f me¬ 
chanics ? 

In wlirtc way i» a compound ma¬ 
chine M be examined ? 56. 

- How > the mec hanical p ower of 
an engine dJyoverecTT• 

Illustrate this with the example, 
fig. 56. 

How is the power gained by 
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wheel-work calculated ? Give the Explain, b; means of the figures, 
examples. in whit way* they aie construct- 

rules arc dechfcedfron? this? 1 ed. < 

Give the example. How does th • w itch act after it 

isvvoumMp? V 

LEI TER XII. Page 87. Wit/does the hour-hand turn 1J 

Explain, by fig. b9, the parts of tunes slower than ihe minute- 
the inside of a clock. ' hand? 

What effect is produced by the Why is the fusee cut iuto a spiial 
motion of a pendulum ? form ? 

What regelates the 'vplority of How is the motion of a watch 
the wheel-work, and how is this ex- adjusted? 

plained? Repeat the lines from Lucretius 

Point out the method bv which on time. 

* t i - , 

the hour and minute hands are How is time noticed, and how is 
moved. it measured ? 

% t 

Explain by what means time is so "What instruments have been used 


exactly measured by a pendulum. 

Is the weight accessary part of 
a clock, ‘ 

« <£^pjain the striking train of a 
dock. ' *-•>*" 

Explain what is meant by fig. 
62*. 


to measure time ? 

Explain the principles of the hour 
glass, clepsydra, and sun-dial. 

What is the most equable motion 
in nature, and what was the cause 
of the divisions of time ? 

Why arc time-pieces faster in 


Of what are watched composed ?' some countries than others ? 


•«a.' 


\IIY DIIOSTATICS. 

Page 102. 


} 




Of what does the science of Hy¬ 
drostatics teach? t u _ , 

To what does it particularly re-j 


What is meant by a fluid, and how 
jiraany kinds of fluids are there ? 

What is said of their particles, 
and for what circumstances does 
this theory account ? 

late ? t / \ How are fluids distinguished fropi 

How is the science of hydrosta- i liquids ? 
tics distinguished from that of hy-'' What particularities attach 
drautics? . \water which do not belong to solids f 




Why was it supposed formerly 
that fluids had no weight in fluids 
of the same kind? • 

What is the experiment that re¬ 
futes this opinion? / « 

Why is a bucket so easi^vjrawn 
up a well ? 

Give an account of the experi¬ 
ments to prove that fluids press in 
.ill dilections. See Plate Hydrosta¬ 
tics, fig. 1—4. 

What pressure docs the bottom of 
a vessel, filled with any kind of fluid, 
sustain ? • 

How is the upward pressure dis¬ 
tinguished from that downwards? 
Can lead be made to swim, fig*5? ; 
What is the hydrostatical para- 1 
dox, fig. 6. and 7 ? 

What inference is drawn from 
this ? • 

Iu what respects does pressure 
differ fiom gravity? 

Explain the nature and principle 
of the hydrostatical paradox, fig. 8. 

What will be the consequence of # | 
increasing the length of the tube ? 

Explain the mechanism of Bra¬ 
mah’s hydrostatic press. 


LETTER XIV. Page 113. 

What bodies swim, and what sink 
in fluids ? 

What is meant by the specific ^ 
gravities of bodies, and what is ntf-: 
cessary to ascertain them ? 

Who made this discovery, argl 
how was it found out? . 


iIf a body be suspended in w.iter, 
what weight does it lose ? 

In what cas^ do bodies lose equal 
and ii/what unequal weights? 

Explain the nature of the hydro- 
statical balance, fig. 9. 

Give an account of the first ex¬ 
periment. 

How is the specific gravity of ^ 
guinea found, and what is the geue- 
ralruie? % , 

Point 8ut the method of finding 
the specific gravity of a piece of 
flint glass. m 

How is thC^^Ocific gravity of 
wood, that if lighter than water, 

found ? * ' 

How is the specific gravity of 
mercury found ? 

What is the Construction of the 
hydrometer, fig. 10, and how is the 
gravity of fluids ^Jltfftf E l!fy 
it? 

How are the specific gravities of 
fluids estimated ? 

Wb^t experiments are explained 
by the knowled of the specific 
gravities of brims? fig. 11. and 12. 

Can fl \\\&f of differe$5fc*fecific 
gravities b/arranged upon 5 one an¬ 
other? \ • v 

Explain the pt&ciple of life table, 
page 120. 

II'iw is the ascent of air balloons 
freon ted for ? 

Can you give fwtffl^l^connt of 
Lunardi’s ^nd Garnerin’s exhibi¬ 
tions? fig. 10 and 11. Plate ii. Hy¬ 
drostatics. 



On what does the diving bell de¬ 
pend for action ? 

Explain the diving bell, repre- : 
sented by fig. is, and for whA. is it 
used? 

LETTER XV. Page 124. 

What is learnt from the science of 
bydranlics ? 

Repeat the rule for finding the 
velocity of spouting water, and from 
what does this rule result ?' 

How does pressure against the 
sides of a vessel increase, and how 
is it illustrated byrsyveriment? 

By what method is it proved that 
the presrure of . fluids follows the 
same law as falling bodies ? fig, 1, 
Plate ii. Hydrostatics. 

What if the pressure on the bot¬ 
tom and sides of a cubical vessel 

Give some account of fue pressure 
of fluids as it relates to their motion 
through pipes. ( 

What difference exists between 

i 

pressure of fluid? v- gainst the side of 
a vessel, and the mecity of those 
fluids iuA,, \ 


By what law does the velocity of 
spouting watA*, decrease, and what 
instrument impends on this princi¬ 
ple ? 

How is/the c\’psydra construct¬ 
ed? 

Why is great strength necessary 
in the banks of rivers, canals, &c.? 

Point out what fig, 2. is to ex¬ 
plain. 

What is the general rule with re¬ 
gard to the horizontal distance to 
which a fluid will spout ? 

Whr. do the pipes pointing ob¬ 
liquely shew? fig. 2. 

Can fluids be conveyed over hills, 
and through valleys, and why ? 

Describe the principle and expe¬ 
riments relating to the syphon, fig. 
1, 3, 4, and 5. 

> Why does not water spouting 
from a pipe, fig. 2, rise to the level 
of that within the vessel ■ 

Explain the principle and strut 
ture of the common pump, fig. 7. 

Explain the operation of a forcing 
pump, fig. 8. 

Point out what fig. 9 is inteuded 
to shew. 


PNEUMATICS. 


LETT**". V VI. Page Is4. 

• f s / 

What is the air, and to what 
height dbes it extend? 

What properties does it possess 


i^common with other fluids, and in 
vfrhat particulars does it differ from 
them ? 

‘To what is the science of Pneu¬ 
matics devoted? 
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By what experiments is it proved j 
that air is a substance ? 

What is the average weight of 
air? Work the example in note, 
page 186. / 

Explain the jcructurx^of an air- 
pump, fig. 1. Plate Pneumatics. 

By what law is the pressure of 
fluids regulated ? 

Explain the 5th, 6th, and 7th ex¬ 
periments. See fig. 2. 

Point out the air’s elastic power 
by experiment 8, and fig. 3. 

Do none of these experiments 
depend on suction? and how is this 
shewn by fig. 4. 

How is a piece of wet leather 
made to lift a heavy-weight? 

Explain the operation of the he¬ 
mispheres. fig. 5. 

How does the transferrer a^t, 
fig. 6. 

What facts are shewn as resulting 
from the pressure of the atmos- 
sphere ? 

How does the fountain in vacuo 
act? fig. 7. 

Explain the principle of fig. 8, 
and how are the changes of Ihe at¬ 
mosphere ascertained? 

What experiments prove the elas* 
ticity of the air? experiments 16, 
17,and 18. 

Can air be compressed inti a less 
space than it usually occupies, and 
how is it proved by fig. 9 ? 

What is the elastic spring of the 
air always equal to, and how is it 
proved? 


What facts are there to shew that 
r the air near the earth is denser than 
that higher above it; and how far 
is the, atmosphere supposed to ex¬ 
tend? 

Explain the operation of the arti¬ 
ficial fountain, fig. 10- 

LETTER XVII. Page 146. 

Explain what fig. it is intendecT 
' to shew. 

| Hovms it shewn.that light bodies 
: are more affected than heavy ones 
, by the resistance of the air, fig. 12? 

How is myjprry forced into the 
| pores of wood ? 

| What do experiments 4,>5, and 6, 
prove? 

Why does the smoke of a candle 
just extinguished ascend? 

What experiment shews that air 
■is ne cessary to sound ? •* 

In wiia>air is souqd *the strong¬ 
est? 

Is air necessary to sound and ani¬ 
mal life?* 

Explain the l?tfi experiment. 

Can air be perfectly exhausted 
by means outlie air-pun^’-,* 

Point oyit the action arid theory 
of the Torricelliani experiment, fig. 
VL v' ' 

Explain the structure of the baro¬ 
meter, fig. 14. 

• How high can the'mercury be 
made to rise, and*; fry ? ^ 

What is\he variation o?the scale, 
and what is the construction of the 
Vernier? 
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To what is the vaiiation of the 
mercury in tire barometer applied ?* 

What does the rising and falling 
of the mercury presaga ? 

When is bad weather not expect¬ 
ed to last ? 

When may a continuance of fair 
weather be expected? 

What does the unsettled state of 
mercury denote ? 

Explain the principle of the hy¬ 
grometer, and for wliaf is'it used. 

Point out the nat’ire of a rain- 
gauge, and for what it is used. 

Explain the structure of the ther¬ 
mometer, fig. 16, plile n. 

How is it graduated, and what is 
the utmost extent of this instru¬ 
ment? 

Explain the nature of the thermo¬ 
meter invented by Mr. Wedge* 


Ho # you understand the principle 
on Which the ‘#scale of heat” is con¬ 
structed? pagd’157. 

Show how \he centigrade scale is 
reduced to that\of Fahrenheit, and 
vice versa. “ \ 

LETTER XVIII. Page 159. 

How are great heights measured 
by the barometer? 

What is the pressure upon the 
human body? 

Can you explain the structure 
and operation of the steam-engine, 
figs. 17 and 18 ? 

What work will a steam-engine 
perform, and at what expense ? 

To what were steam-engineB first 
applied, and for what purposes are 
they now used ? 


ACOU STICS. 


LETTER XIX. Page 167. 

. In wlw t does the science of acou¬ 
stics instruct usf "S 
Wiiat opinions had the ancients 
respecting sound ? 

Will all fluids convey sound? ^ 
With wWi . •‘docity does sound 
travel, and ho& is that ascertained? 

Do qj) kinds of sound travel at 
the same rate * 


From what kind of bodies do 
clear, and from what kind do harsh 
sounds proceed? 

' Is every substance a conductor of 
sound ^ 

In what way may a trifling scratch 
with a pin be heard at some dis¬ 
tance ? 

How is experiment iv. conducted, 
and what is the result ? 
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Is the earth a conductor of sound? 

Of what is sound the effect ? 

Under what cffcnmstances is 
sound reflected ? t 

What is an ec^o? Explain the 
experiment, fig.^ 19. 

What is the theory of pionuncia- 
lion so as to obtain a distinct echo? 

Explain the principle of the whis¬ 
pering gallery at St. Paul’s. 

What is the principle of the 
^caking trumpet, and of speaking 
figures ? 

Shew what is meant by tigs. SO 
Jllll si. % 


What are the causes of the variety 
(if sounds 

What does flg. 22 shew? 

How are the sounds of an Eoiian 
harp produced? 

What is wind, and how is it pro- 
duced ? 

Explain experiment 9. 

' On what does the smoke-jack de- 

! pend for action ? 

| How are the winds denomina- 

i ted( .• 

I How many kinds of wind are 
there, and what are they ? 




OPT*H> 


LETTER XX. Page 178. 

On what does the science of Op¬ 
tics depend, and what is said of the 
particles of light? 

At what late does light travel, 
and how was it observed ? Explain 
this by fig. 1, Plate i. Optica. 

What have philosophers conjec¬ 
tured on tins subject? 

What experiment proves that 
light moves in all directions without 
any impediment? 

At what distance can a candle be 
beep in a dark night? 


By vvlfttt law does the intensity of 
ligli* increase? # Give the illustra¬ 
tion. % 

What is meant by a lay of light? 
What i‘ reft action, {ft applied to 
light ? Explain fig. 2. J 
When is Jhjjr; nearer to a 

pei pendicular, and when does it pro¬ 
ceed fartber/rwK a perpendicular ? 
How are objects seen ? 

Explain experiment 4, 

What i^lbe axiom unities ? 

Why does a straight stick, im¬ 
mersed in water, appear crooked ? 
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Does water appear deeper or 
shallower than it really is? * 

Are the heavenly bodies seen 
where they really are?»fig. 3. % 
Explain experiment 6. 

LETTER XXI. Page 185. 

With fig. 4 explain the structure 
"5f tue several kinds of lenses. 

What effect is produced by len¬ 
ses? _ *, 

When are rays said* to converge, 
fig. 5? 


Explain what tig. 1 1 is iutonded 
to illustrate, y 

Can a person^ee the image of bis 
whole pet-son tn a glass half os tall 
as he is high ? ' 

Under wliat circumstances, and 
why, are two images of the same 
candle seen in a looking-glass ? 

Is the image as vivid as the ob¬ 
ject? 

Explain the effect of fig. It. 

When is the image of an object 
inverted, and when erect, and when 
will the image and object coincide' 1 


How is the focfiis of a lens fonnd 
* c 

in a plano-convex lens', and what is 
the reason of it ? 

1* • 

What is the distance of the focus 
of a double convex lens? see fig. 6. 

What is a common burning-glass? 

Do yotf recollect the experiments 
wbjgjLi^re made with Mr. Parker's 
large burning-glass? 

Can you <xplain the principles 
illustrated by .igs. 6, 7, and B ? 

How is the experiment it.ade? 

What is the rule for finding the 
image or picture of an object? 

Tell me what fig. 9 is. intended to 
explain. * \ 

How ^ fig. 10 explained, and 
wbat is meanHqa&n imaginary fo- 
cus? 

Where are the foci of the differ¬ 
ent kind of lenses to be found? 

Explain whgtjs meant by reflect¬ 
ed light, Bit: fige S. t f 

What general maxim recurs in 
this part of the subject? 


Bee figs/13, 14, and 15. 

What are anamorphoses, and how 
are they produced ? 

L 

LETTER XXII. Page 195. 

Of what is light composed, what 
are the several colours excited by 
it, and which is most, and which 
the least refrangible ? 

How many colours are there, aud 
how are whiteness and blackness 
produced ? 

1 Illustrate, by fig. 16, the principle 
of colours. 

What is inferred from the oblong 
figure of the image of a ray of light ? 

What analogy is there between 
colour and sound ? 

How is white produced by mixing 
other colours ? 

How is the rainbow produced ? 

Explain the principle of the rain¬ 
bow, figs. 17 and 18. 

Explain the structure of the eye, 
figs, 19 and 20. 
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What are the three humourf call¬ 
ed, and what are lhair uses? 

How are objectHeen ? fig. 21. 

Can you mention /hat Dr. Young 
says on this subject? 

What are thq causes*rtf' indistinct 
vision ? 

LETTER XXIII. Page 203. 

How are the colours of bodies 
explained, and what are white and 
black ? 

How is it proved, that colour is 
not inherent in bodies ? 

Which have been supplied to bo 
the largest, and which the smallest 
particles of light, and why? 

How is it proved, that light 11 the 
cause of colour? 

How are the colours of natural 
bodies ptoduced? 

What bodies reflect the greatest 
quantity of light ? ’* 

What reason is there to suppose 
that all bodies are naturally trans¬ 
parent ? 

How are opake bodies renderod 
transparent and the reverse ? 

On what principle is the variety 


of colours in some stuffs, silks, &c. 
Explained? 

Wiiat theory is adopted by Mr. 
Del^val ? 

Explain the principle of the 
microscope? see figs. 22, 2 3, and 
24. 

Docs a lens actually magnify ob¬ 
jects ? Explain this by experiment 

iv, 

How many kinds of microscopes 
are th^ra, and what is a single mi¬ 
croscope ? • 

Explain the structure of a com¬ 
pound microscope, figs. 25 and 26. 

Explain tl ft nature and use of the 
solar microscope, fig. 27. 

What are tclefcopes ? 

Explain, by figs. 28 and 29, the 
structure of the refracting teles- 
cope. 

Point out the principle of the' 
lefLvtb'v telescope. ^ 

Can you give any Sscount of the 
“ Camera Obscura,'# and “ Magic 
Lantborf ?" y 

V(hat is the principle of the phan¬ 
tasmagoria? * 

What are multiplying glasses ? , 


ASTRONOMY. 

LETTER XXIV. Page 216. I Why dc^the apparent-motions cf 
What great discoveries have been ’ the heavenly bodies excite no sur* 
lately made in astronomy? j prise ? 



Whj are the slais not been in the 
day ? 1 

Can the distances of the heavenly 
bodies be ascertained ? v 

Why arc some stars called 'fixed. 
and some denominated planets, and 
how is the difference between them 
observed ? 

What are comets P 

the periods of the planets 
and comets be ascertained P 

Do planets and comets differ from 
the fixed Starr by thejr light, and 
bow are they distinguished ? 

How are the hired stars divided 
and distinguished fronfone another? 

How did the ancients divide the 
starry sphere, and'now is this done 
by the moderns? 

Into what are the heavens di¬ 
vided ? • ' 

W hat d oes the zodiac include ? 

Have any^rf the single^tars-pa;- 
ticular namely point them out on 
the celestial g'jibe. 

What is .yeant by a nebula, and 
what is Dr. HeischePs acoouiy on 
this subject ? 

* Are the fixed stars supposed to be 
absolutel^th-moveable with respect 
to one another ? 

LETTER xTv^> Page 227. 

What is said of the. sun ? 

Of what (lues the solar system 
consist ? ^ 

» What is-frie common opinion re¬ 
specting the vorhl, and w hat did 
Pjthagotas teau^? 


3'2<ji 

What theory did Ptolem> adopt' 

What was Tycho’s system, and 
what improvement was made upon 
it? 

Who revived the Pythagorean 
^ system of 41 m. world, and why is it 
; uow denominated the Newtonian 
{system ? 

Explain what is intended by 
1 plate r. of Astronomy. 
j Which are the “ inferior” and 
which the <l superior'* planets, and 
why so railed ? 

| What motions have the secondary 
1 planets find comets ? 

| Explain what is meant by tig. 1, 

: plate ii. Astronomy, 

' W\ieu are planets said to be in 
n conjunction," and when in u op¬ 
position?” 

What are the u centrifugal” and 
<c Centripetal” forces? Explain this 
by fig. 1. 

What is the general rule for as¬ 
certaining the distances and veloci¬ 
ties of the planets ? Explain the 
table, page 235. 

♦ 

LETTER XXVI. Page 236. 

What motions has the sun, and 
how are they ascertained ? 

Can you give any account of Di. 

; Hijrschel’s speculations with respect 
i to the moon and sun? 

i 

' How many planetary bodies at- 
i tend the sun, and what are their 
i proportional distances? 

| In what are the motions compre¬ 
hended ? 



Give me some account of Mer¬ 
cury, and explain Vs motions by 
fig. 2. '• 

Why are Mercui^ and Venus 
never seen in that side of the hea¬ 
vens which is opposite *W> the snn? 

To what has the motion of Mer¬ 
cury been compared, and why ? fig. 
2 . 

Why do the apparent diameters 
of the planets vary; and when does 
Mercury appear largest and least? 
fig. 2. 

What js meant by a transit; and 
what do transits prove ? 

Do Meienry and Venus exhibit 
similar phases to those of the 
moon ? 

What account is given of Venus? 
What proportions of light and heat 
do Mercury and Venus enjoy? 

LETTER XXVII. Page 

Give me some account of the 
earth and its motions. 

What does the inclination of tjie 
earth's axis produce? 

What is said of the motions of the 
catth and moon combined? 

What length is the diameter of the 
moon, and at what distance is that 
body from the earth? 

How long is the moon turning on 
its axis, and what is the effect of 
this? # 

Wha^easons are there to induce 
one to believe that the earth is a 
imind body? sec fig. 3. 


Wh.it is the true level of the 
Au th? Is the earth a perfect 
globe ? 

Does the gprth turn on its axis, 
and ^hat effect is produced by this 
i motion? 

I Explain what is meant by fig. 4, 

I with regard to the illumination of 
I the earth ? 

j How is it known that the 
has an annual motion round the 
sun ? m 

PoirTt out # the caitfce*of llie sea¬ 
sons, and shew the reasons for long 
| and short days. m 
| Why are life Winters colder than 
the summers ? 

LETTER XXVIII. Page 253. 

, What is said* of the ipoon, and 
| what is the difference between a pe- 
. radical and synodical month ? 

Explait what fig. gJ& intended to 
represent. 9 

Does the earth serv^fo enlighten 
the moon, and wjiail^ffect does it 
produce ? % 

What is an eclipse of the irfbou? 
Explain this by figs. 6 an Jji. 

On what does the dura'ion of an 
eclipse depend ? J 

What is meant by the term di¬ 
gits? 

'Where are lunar eclipses visible, 
and on what does‘the length of 
eclipses depend-? * ■ • 

On wltat does tlie faint light of 
i the moon in an eclipse depend? 
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In what length of time do the 
moon's nodes come into the sarnie 
position as they are at any given 
period, and what effect does this 
produce ? 

Explain the nature of an eclipse 
of the sun, fig. 8. 

What observations does Dr. 1 
Vince make on the subject of 
erases? 

To what have eclipses of the 
moon been applied? ; 

How mtffly’eelipsee are there in 
a year, and when do they usually 
happen ? 

Give some accounV’fcf the tides. 

When are tides the highest and 
when the lowest ?° 

LETTER XXIX. Page 264. 

Give some account of Mars and 
his motions, see fig. 9. 

When does he appear full-facea 
to an inhall* «lnt of the Earth, and 
when otherwise? 


Is tiiere any analogy between 
Mars and the Earth? 

What smaller revolving bodies 
are found between the orbits of 
Mars and Jupiter? 

What account is given of Jupiter 
and his moons? 

What is discovered from the 
eclipses of Jupiter's satellites? Give 
the example. 

Give some account of Saturn, his 
satellites, and rings. 

| What is said of the Herschel planet? 

| What account is given o F comets? 

| What' reasons are there for be¬ 
lieving that comets are very solid 
bodies? 

Can you explain, by fig. 10, in 
what way the distance of the moon 
from the earth is ascertained ? 

Explain what is meant by Paral- 
lai, and how the distances of the 
snn, moon, and planets are found. 

Explain the methods of finding the 
latitude and longitude at sea. 


x ELECTRICITY. 


( 


the electric fluid, and how is it made 
perceptible to the senses? 

Explain the structure of the 
electrical machine, fig. 1, and give 


LETTERH&XX. Page 278. 

What is said of the electric fluid ? 
Whafare the effects produced by 
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some account of the first four expe¬ 
riments. v 

Give some account of the differ- 

^ , 

cnee between conductors and elec¬ 
trics. . t 

What is the nfeaning of the word 
“ insulated?” 

What is the difference between 
positive aud negative electricity ? 

What are the theories of Dr. 
Franklin and Du Fay? Give an 
illustration of Dr. Franklin’s tlieo- 
ry. 

* • 

What is meant by an Kectrical 
shock ? 


i Explain the nature of the electri¬ 
cal Leyden phial, fig. 2. 

What is m^ant by an electrical 
battery? 

Give some account of tbe 6th, 
7th, and 8th experiments. 

Explain the action of the electri¬ 
cal bells. 

Give an account of the 10th, lj^i, 
12th, 13th, and 14th experiments. 

Are lij’htniug and electricity ef¬ 
fects of the same causwk 

To what practical purposes has 
the science of electricity been ap¬ 
plied ? & J 


galvanism.* 


/ 


LETTER XXXI. Page S'88. 

Wbat fishes possess the electrical 
properties ? 

IIow were the discoveries of Gal- 
vani made ? 

How is the limb of a dead animal 
put in motion ? t 

Give an account of the first three 
experiments. 

In what way are the taste and 
sight affected by galvanism? Ex¬ 
periments 4 and 5. 

How are tbe conductors of this 
fluid divided; and which arc the 


perfect, ^nd which thjr imperfect 
com|pcto)8? 

Of what does sf simple combine- 

• . . 
tion consist ? 

Explain the structure of the pile 
represented by fig. 6. 

How does the battery, fi^. 7, act ? 

Explain th^raethod of operating 
with the battery represe nted ^by 
figs. 8 and 9. , 

How is water decomposed, (sec 
figs. 9 and 10,) aii^ of what is it 
composed f 

What conclusions are drawn from 
this subject? 



MAGNETISM. 


t 


e> 

LETTER XXXII. Page '*95. 

WJiat in magnetism, and from 
what does it derive its name ? 

To what has the magnet been ap¬ 
plied ? 

<now is the attractive power of 
the magnet shewn, and to what can 
it be communjcated ? 

How vvilfa magnet at liberty ar¬ 
range itself, and how are the poles 
of a magnet found P 

In what circumstances do the 
poles of a magnet attract and repel 
each other? 

What is meant by the “ varia¬ 
tion” of the needle, and what is 
meant by its “ dipping ?” 

What is the magnetic meridian, 
and what is the declination of the 
magnet ? ‘ 4 ’ r 

% 

■»« 


In what parts of a magnet is the 
attraction the strongest? 

Explain how the polarity of the 
magnet is useful to marincis. 

What is meant by the manner’s 
compass? 

Is the variation of the compass 
the same in diffeicnt parts of the 
earth ? 

What is meant by the “ dipping 
needle i 1 '' 

How is magnetism communicated 
to iron, kc. ? 

What is meant by a horse-shoe 
magnet, and what does arming a 
magnet mean? 

Give some account of the disco¬ 
veries of Professor Oersted. 

Explain the structure of the ma¬ 
riner's compass. 


MISCELLANEOUS. 


LETTER XXXIII. Page 303. 

* 

Describe the method employed 
by Captain Kater for determining 
the length of a pendulum. 

In what respects does the Achro¬ 
matic tele$cope"differ from the sim¬ 
ple one ? 

Explain what is meant by calori¬ 
fic and chemical rays. 


What is the discovery said to 
have been made by the Marquis 
RHolfi? 

Explain what is meant by double 
refraction. 

Give some account of the disco¬ 
veries of Mr. Mains, and explain 
what is meant by the polarisation ot 
light. 
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J \rc , LM.:tATi;*(. Motion defined, p. : 

1 ( 1 . j 

Acceleration, Law of, p. 11). 
Achromatic Telescopes, p. 304. 
Acoustic^ p. 167. i 

Action and Reaction, cquaThnd con¬ 
trary, p. 34. 

Air, weight of, p. 13(3, 141. | 

——, pressure, p. 137. 

-, elasticity, p. 142,147, 148. 

Air Balloons, p. 120. 

Air Pump, p. 136. 

Anamoiphoses, p. 194. 

Annular Eclipse, p. 239. 

Apogee, p. 238. 

Aphelion, p. 232. 

Apsides, p. 232. 

Archimedes discovers the method bf 
ascertaining the Specific Gravities 
of bodies, p. 114. 

Astronomy, p. 216. 

Atmosphere, the height of, p. 144. 
Atmospheric pressure sustained by 
man, p. 160. 

Attraction detined, p. 18. 

-of Gravitation, p. 19, 24.‘ 

-proportionate to the quan¬ 
tity of matter, p. 23. 

-of Cohesion, p. 19. 

-Capillary, p. 20. 


Aurora Borealis, p. 300. 

B. 

Balance of a Watch, 0*^7. 

-Chronometer, p. 98. 

Barometer, p. 129. 

Battery, Eleeiric.^, p. 283. 

Birds, how supported in the air by 
their Wings, p 35. ' 

Bones of Animals stronger for being 
hollow, p. 79. 

Biamah’s Hydrostatic Pre$8, p. 112. 
Burning Glasses, p. 186. 



Camfcleon, Colours o/ explained, p. 

206. j? 

Camera Obscura^ p.^214. 

Capstan, p. 60. * 

Carts, necessary precautions in loatl-* 
ing them, p. 43. 

Centigrade Scale, how reduced to 
Fahrenheit’s, p. 156. 

Centre of Gravity, p. 42. 

-, how found mechaqicaflf. p. 

44. 

Centrifugal force, 233. 

Centripetal force, 233. 

Ceres, planet, p. 266. 

Chronometers, p, 98. 
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Clepsydrae, p. 127 . 1 

Clocks described, p, 88. 

Collision of Bodies, g. 35. 

Colours of Bodies, p. 203. 

Comets, p. 232, 269. 

Compass, Mariner’s, p. 301. 

Compressibility of Water, p. 103, 
104. 

Conductors of Electricity, p. 280. 

-, Galvanic, p. 290. 

Constellations, p. 222. * 

-Tableoof, p. 22*. 

Copernicus, restorer of the Pytha¬ 
gorean System? p. 230. 

Cranes, p, 59, 61. % 

n. 

Days, variation in the length of, ex* 
plained, p. 251. ^ 

Deluge, bypotbesis concerning, p. 
27. 

4 i 

Detached Escapements, <p. 99. 

Dip, Magnet;-, p. 298, 299. 

Distances, how measured by means 
* of sound, p*468. 

Distances of the (Celestial Bodies, 
how found, p. 272, 275. 

DivingJBell^ p. 122. 

.Double Refraction, p. 307. 

t 

"E. v 

Earth, her distance from tire Sun, p. 
ftfrrof a globular form, p. 246; 
but flattened at the pole6, p. 247; 

i nearer tbe Syn in Winter than in 
Summer, 251. ' 

Echo, pt 170; distance at which 
formed, p. 172. 

♦if 9 * i 


Ecliptic, p. 2P2. 

Eclipses of tbr Sun, p. 258. 

-of the Moon, p. 255 ; me¬ 
thod of finding the Longitude by 
them, p«,260. 

-- number of Eclipses iu one 

Year, p. 260. 

Elasticity defined, p. 35. 

Electrical Machine, p. 279 . 

Electricity, p. 278. 

Electrics, p. 279. 

Ellipse, p. 232. 

Endless Screw, p. 70. 

Engines, file and garden, p. 133. 

-, Steam, p. 160. 

Eolian Harp, p. 174. 

Extraordinary rays, p. 308. 

Eye described, p. 199. 

F. 

falling bodies, time of falling how- 
computed, p. 18; quicker at the 
poles than at the equator, p. 41. 

Fahrenheit’s Scale, how reduced to 
'.he centigrade, p. 156. 

Feathers of birds, why hollow, p. 79. 

Fixed Stars, p. 220. 

-, their immense distance, 

p. 221. 

——-, how to compare their 

light, p. 221. 

Fluids defined, p. 103. 

-press equally in all direc¬ 
tions, p. 106. 

Focus of a Lens, p. 186. 

Fountains, p. 131. 

Friction, p. 72. 

——— Rollers, p. 73. 
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Fusee of a Watch, why^conical, p.*98. 



Galvanic pile, p. 291. 

Galvanism, p. 288. % 

Gold Leaf, its extreme tenuity, p. 8. 

H. 

Hadley’s Sextant, p. 277. 

Heat, Scale of, p. 157. 

Helix, p, 68. 

Hersclic), Dr. his speculations on the 
System of the Universe,,p. 237; 
his discovery of the Calorific 
Rays, p. 30 6. 

Herschel planet, p. 269. 

Hollow Masts, p. 80. 

Hydrauhrs defined, p. 102, 124. 
Hydrometer, p. 116. 

Hydrostatic balance, p. 115. ^ 

-bellows, p. 111. 

-- paradox, p. 109. 

Hydrostatics, p. 102. 

Hygrometer, p. 153. 

r. S 

Images of objects by refraction, p. 
188. 

——-by reflection, p. 

190. 

Inclined plane, p. 65. , 

Inertia defined, p. 11. 

Insnlated bodies, p. 280, 261. 

Iron Columns, p. 80. 


J. 

Jnno, planet,p. 266. 

Jupiter, planet, p. 266; his belts, 


§>. 267 ; his Satellites, p. 267 } 

Eclipses of his Satellites useful in 

finding the Longitude, p. 267. 
n 

L. 


Large bodies more liable to break 
than smaller ones, p. 80. 

Latitude of a place, how found, p, 
276. 

Law for ascertaining the distances 
and v|l»cities of the planets, p. 
234. • ^ 

Laws of motion, p. 32. 

Lead, how madje t<7 swim on Water, 

p. 108. 

Leaping from a (Carriage, why an 
dangerous, p. 14 ; of Equestrian 
performers over a garter, how 
performed, p. 1 4. 

Lenses, p. 185. 

T pvel, difference between*the appa¬ 
rent and true, p. 24^ j 
Lever, p. 50. / 

Leyden pjiial,’ p. 283. * 

Liglit^ separable intc^afnerently co¬ 
loured rays, p.l§5.—Moves at the 
rate of 200,000 miles in a secoffff^ 

p. 180. • 

Liquids defined, p. 104. 

Longitude, howibund) p. 276. 
Lunar Method* of finding the Lon¬ 
gitude, p. 277. 


Magic Lanthorn, p. 214. 
Magnets, bow made, p. 297. 
Magnetic Axis, p. 299. 
Magnetic Poles, p. 2^6, 299, 
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Magnetic)), p. 293. >. 

Mains, his discovery of the polarisa* 
tion of Light, p. 308. 

Man’s Arm a lever, p. 56. 

Mars, planet, p. 26-1.—White spots 
near his poles, p. 266. 

Matter defined, p. 5.—Pioved to be 
infinitely divisible, p. 7. 

Measure of the Eatlli, p. 271. 
Mechanical powers, p. 49 . 
Mechanics, ». 5 . 

Mercury, planet, p. 240. 
Microscopes, p. 208. 

— . . p. 210 . 

— -Compound, p. 210. 

----So’ir, p. 212. 

Milky.way, p. 223. 

Mirrors, p. 192. 

Momentum, p. 4.\ 

Moon, her distance, period, Sac. p. 
245. 

c . 

-, he*; -jodes, p. 23'3. 

-, her, Jhases, p. 254. 

Motion, Affined, p. 10. 

-, composition of, p. 13 . 

— -, direct itod retrograde of the 

planets, p. 211 . 

Mountains, their height how mea¬ 
sured by the Barometer, p. 159. 
Multiplying^lass.-s, p. 215 . 

1 

Musk, extreme minuteness of its par- 
p. 9. 

N. 

Nebula, p. V2J. 

Negative Electricity, p. 232. 
es of the Moon, p. 253. 


Non-Conductors, p. 28(> 
Non-EIectricr., p. 280. 

* A 

O. 

Oersted, Professor, his discovenc 
in Magnetism, p. 300. 

Optics, p. 178. 

Ordinary Rays, p. 308. 

P. 

Pallas, planet, p. 2G6. 

Parachute, p. 121. 

Parallax, p. 272. 

Pendulum, p. 38. 

-, times of vibration, p. 40 

-, how it regulates a clock 

p. 8C, 90. 

--- f compound, p. 93. 

-, length accoidingto Cap¬ 
tain Kater, p. 503. 

-, vibrates faster at the 

poles than at the equator, p. 40. 
Penumbra, p. 257. 

Percussion, centre of, p. 40. 
Perigee, p.258. 

Perihelion, p. 232. 

Periodical Month, p. 253. 
Phantasmagoria, p. 214. 

Pinion and toothed wheel, p. 60. 
Pisa, leaning tower of, p. 43. 
planets, p. 231.—Their proportion¬ 
ate distances from the Sun, p. 240. 
Pneumatics, p. 134. 

Positive Electricity, p. 282. 

Power of Machines, how computed, 

p. 82. 

-of a Steam Engine, p. 165. 
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Pressure of fluids, law of, p. HD. 1 Sneaking Trumpet, p. l?j. 

Primes, p. 84. i Spectacles, how they assist vision, 

T1 ■_ _ ■ . t. , , „ . 1 — Mn/i 


Prism, experiments '4th, p. 196. 
Ptolemaic System, p. 229. 
Pulley, p. 62. 


p. 202 . 

Spira l )Curve,*p. 68. 

Spouting fluids, velocity of, p. 124. 


Pumps, lilting, p, J31.—Foicing, p. Springs, periodical, p. 130. 

132. Stalks of corn, why hollow, p. 79. 

Pythagoras taught the true System Stars, fixed, p 220 . 

of the Universe, p. 228. 1 Stationary, planetssometiniesapjMwr 

so, p. 265. i 

K* Steam Engine described, p. 160. 

Rainbow, p. 197. j-power oT^ow com- 

Rain Gau^e, p. 154. ! puled, p. 165- 

Reflection oflight, p. 190 . Steel Yard, p. 52.* 

Refraction oflight, p. 181. Strength of bodies, p. 78. 

Repulsion, p. 22 . Striking train of a clock, described, 

Resistance of the air, p. 122, 14&. P> 92. 

Kidolfi, Maiquis, said to have mag- Sun, the centre of our system, p« 
netiscd a needle by means of the 1 236. 

violet lays, p. 307. :-, revolves /ound his axis, p. 

Rolling Candlestick, p. 47. \ 23o. 

Rope Dancers, p. 43. '-, has ,a progress motion 

j amongst the fixed st? Js, p. 236. 


j Synodical Month, p. ( il$, , 
Saturn, planet, p. 268.—His Sato^! Syphon, p?129. S' 
lites, p. 268.—His Ring, p. 269. j * ^ 

Schehailien, experiment on the moun- m 

tain, p. 31. Telescopes, rtifecffng, y. 212 ** 

Screw, p. 68 .—Endless, p. 70. -, reflecting, p. 213. 

Seasons, variation of, explained, p. i Thermometer, p. 155. , a 


Stales, how formed, 


Smoke Jack, p. 176. 


p. 155. 


-- 1 i - * * 

Solar S]|gpni, p. 228.—Table of, p.-Wedgwood’s, pTlo7. 

235. '/ides, occasioned by the moon, p, 

Sound, rate at which it travels, p. 261. m 

168. Time, how fbund at sea, p. 276. 

Specific Gravity, p. 113.—Table of, I Transits of Mercury and Yenudf p* 
p. 120. I 243. - " 



r ’ 

^Tydionic System, p. 229. 


, Variation of the Compass, p. 299. 
Velocity, p. 11 .—How estimated, 
^v’p- tt. 

*VeHus, planet, p. 245. 
f'VW’sier, p. 152. 

Vesta, planet, p. 266. 

Viorationsof musical strings, p. 173, 
Voltaic piles, p. 291. 

Vollaism, p. 288. 


Walking Wheel, p. 59. 

Watch, p. 96. ni 

jWater appears not so deep as it 
, really is, p. 183. 

—, decomposition of it, p. 293. 


( To«ki Court, 
Chancery lane, London. 


A. 


Weather, rul§s for prognosticating it 
from the Baiometer, p. 152. 

Wedge, p. 67. 

Weight, table shewing the diminu¬ 
tion of-if above and below the 
earth’s surface, p. 28. 

Wheel and Axis, p. 58. 

Wheel-work, how to calculate the 
teeth, p. 85. 

Whispeiing Gallery of St. Paul’s, p 
172. 

Winds, p. 175. 

Wollaston, Dr., his discover j of 
Chemical Rays, p. 306. 

Z. 

Zeno, his correct notions concerning 
the cause of sound, p, 167. 

Zodiac, p, 222. 






